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FOREWORD 


The chemical, physical and biological chaiacteristics of surface wateis are Inlet- 
related phenomena. Making greater use of the stream biota to determine existing, and 
to forecast future, water quality in the stream offers promising possibilities. Plankton 
studies within the National Water Quality Network have included extensive work de- 
signed to permit application of the principle of diatom species diversity to the develop- 
ment of water quality indices, The studies required development of new laboratory 
analytical techniques, as well as pi el im in ary application of the methodology to surface 
water samples from the many diverse Network sampling points. 

Published herein are data from samples collected in the 2-ycai period July 1959 
through June 1961 at 65 of the Netwoik stations. While this work is continuing within 
the Network program, it is hoped that the material heie piesentcd will enable workers 
in this field to evaluate the techniques described by applying them more broadly. 



RICHARD S. GREEN Chiefs Basic Data Branch 
Division of Water Supply and Pollution Control 
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The National Water Quality Network 


The Public Health Service program for providing fundamental 
information on the quality of the Nation’s wateis stems from 
Public Law 660, approved July 9, 1956, as amended by Public Law 
87-88, July 20, 1961. Section 4(c) thereof states; . . the 
Secretary [of Health, Education, and Welfare] shall, in coopeiation 
with other Federal, State, and local agencies having related respon- 
sibilities, collect and disseminate basic data on chemical, physical, 
and biological water quality insofar as such data or other informa- 
tion relate to water pollution and the prevention and control 
iherof,” 

To fulfill this responsibility, the National Water Quality Network 
collects, interprets, and disseminates: 

a. Information on changes in water quality at key points in 
river systems, as such quality may be affected by changes in 
water use and development. 

b. Continuous information on the nature and extent of pollut- 
ants aflFecting water quality. 

c. Data which will be useful in the development of comprehen- 
sive water resources programs. 

d. Data which will assist State, interstate, and othei agencies 
in their water pollution control programs, and in the selection 
of sites for legitimate water uses. 

Some 50 sampling stations were established when the program 
started, October 1, 1957. By January 1, 1962, the number had 
grown to 102. 


Each sampling location satisfied one or more of the following 
criteria; 

a. Major wateiways used for public vvatei supply, propagation 
of fish and wildlife, recreational purposes, and agricultiiial, 
industrial, and other legitimate uses. 

b. Interstate, coastal, and international boundaiy waters. 

c. Wateis on which activities of the Federal Government may 
have an impact. 

Sampling station sites are fixed only after consultation with local. 
State, Federal and other agencies having related interests. 

Active local participation is important in this operation. It 
assures maximum development of all information valuable both 
locally and nationally. Program costs are shared by the Federal 
Government and State and local agencies, those of the lattei through 
contributions of laboratory and sampling manpower. Specifically, 
the State and local agencies perform most of the conventional 
chemical analyses and collect samples for the newer, more complex 
examinations. The Public Health Service, in turn, performs the 
more complex determinations and makes the results available to 
the participants. In addition, the consultation, training facilities, 
and other resouices of the Public Flea 1th Service arc available to 
the cooperating agencies. 

Locations of sampling stations in operation as of January 1, 1962, 
are shown on page 3. Desciiptlons of the stations, participating 
agencies, and other pertinent information are presented on pages 5-8. 



Only after careful screening of needs in water resource develop- 
ment was a pattern set for analyses of v/ater samples. All Network 
samplings are examined for: 
a. Radioactivity. 

(1) Gross alplia. 

(2) Gross beta 

(3) Strontium 90 

b Plankton populations. 

c. Cciiiforni organisms. 

d. Organic chemicals 

e. pKJcliemical. chemical, and physical measurements, in- 

cluding hiocliemical tjxygen demand (B.O.D.b dis- 
solved oxygon (D.O ), chemical oxygen demand 
(C O.D.), chlorine demand, ammonia nitrogen, hy- 
drogen ion concentratiun (pi I), color turbidity, tem- 
perature, alkalinity (or acidity), hardness, chloride, 
Milfate, phosphates, ami total dissolved solids, 
f- 'Prace elements. 

S.arnples for groups a, c, and e are collected and analyzed weekly. 
Samples for organic chemicals are collected monthly, while the 
schedule for plankton organism examinations is semimonthly. 
Strontium 90 analyses arc made on composites of ueekly samples 
accumulated over a 3-month peritiJ. 'Prace elements are determined 


on 2-month composites of weekly samples. New parameters whtcli 
are developed and found significant are included as the program 
continues. 

Water Quality Parameters 

In the assessment of water quality, all of the legitimate purposes 
for which law waters can be used, and which may be affected by 
pollution, must be considered. These may range from the minimum 
requirements necessary for navigation to the ultimate in watei 
quality demanded for special industrial piocessing. Quality needs 
differ considerably, therefore, according to water use. 

For domestic use water must be free of disease organisms, clear, 
colorless, taste- and odor-free, and must have a relatively low dis- 
solved mineral content. Agricultural water is judged primarily on 
its mineral content, especially with respect to the ratio between 
sodium and other cations, and the presence of boron. Water for 
fish propagation and recreational purposes must be relatively free 
from domestic and industrial pollution and must be able to sustain 
an active flora of the smaller aquatic organisms on which fish and 
wildlife feed. Industrial water quality demands run the gamut from 
the complete absense of minerals to a requirement of low tempera- 
ture, the critical factor in water used for cooling. The effects of 
radioactive materials on these uses have not yet been fully appraised. 
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Introduction to the Plankton Studies 


Although many v.ater quality and uater pollution studies have 
been made ol rivers, there has been relatively little investigation of 
plankMn in relation to water quality. This supplemental report 
presents information on the plankton populations found at 65 se- 
lected stations of the National Water Quality Network. Findings 
reported arc based upon semimonthly samplings over a 2-year period 
ending June 30, 1961. 

Fiankt'-n are composed of algae and other plant and animal organ- 
i-iiiis, and they do have an important relationship to the quality 
of the water in w Inch they live. Always present in lakes and streams, 
these minute organisms are vital to water’s self purification process. 
They take up and concentrate radionuclides from the W’ater and 
v^-hf'n the cells die, they release radionuclides in the water. 

Plankton also provide food for fish and other aquatic life. They 
v-meiimcs cause taste and odor problems in water supplies. They 
may hinder water treatment by clogging filters. Often they be- 
come so abundant as to cauje a nuisance in recreational areas and 
deplete oxygen in tlie water during decomposition. Because they 
exhibit pt-pulation dynamic'^, plankton can serve as important in- 
dicuion of water quality. For example, pollutants in the water may 
alter drastically the normal pi’pul.ttion patterns of plankton — an 
effect which may be observed through plankton popuLtion studies. 

’riie data herein documented will be especially valuable because 


identification and enumeration of the organisms were given uniform 
treatment, making comparisons relevant. Most other studies deal 
only with the larger net plankton and are not year-round studies. 

In 1957 when the Network program was inaugurated, 16 sampling 
stations were in use on a monthly basis. At this time all diatoms 
including empty shells were included in the total counts. By 1959 
the sampling schedule became semimonthly and the inert diatom 
shells were counted, separated and excluded from the total phyto- 
plankton counts. The clump count procedure is used to tally the 
plankton organisms per ml. This includes all of the preservable 
algae larger than bacteria. In this method each single cell and 
natural clump or colony is recognized as a unit. From these data 
one may use a factor to determine other standard units. 

All plankton which can be recognized in the preserved samples 
are being identified. These include fungi, sheathed bacteria, pro- 
tozoa, crustaceans, rotifers, nematodes, and other invertebrates. 
Although these represent a small segment of the total population, 
their presence is noted for possible future use in studies of their 
relationship to water quality. 

Much of the emphasis in the plankton program has been on 
diatoms. Both in total population and number of species they con- 
stitute the largest planktonic group in the rivers and Gieat Lakes. 
They are important indicators of water quality and its variations. 
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SAMPLING STATIONS AND COOPERATING AGENCIES 


STATION 

MILES 

ABOVE 

MOUTH 

DESCRIPTION 

SAMPLED BY 

OTHER COOPERATING 
AGENCIES 

ANIMAS RIVER 



San Juan County Health Dept. 

New Mexico Dept, of Public HealfI 

above Cedar Hill, N. Mex. 

33 

Heizer Ranch at natural gas pipe- 
line crossing. 

APALACHICOLA RIVER 


U.S. Army Corps of Engineers 
Florida Slate Hospital, Chatta- 
hoochee, Florida. 

Florida State Board of Health 

at Chattahoochee, Fla, 

105 

Jim Woodruff Dam Powerhouse 

ARKANSAS RIVER 
at Pendleton Ferry, Ark. 

45 

Ferry Landing, South Shore 

Arkansas State Water Pollution 
Control Commission 

Arkansas State Board of Health 

at Ponca City, Okla. 

646 

Old U.S, Highway No. 60 Bridge 
(formerly at Osage Station, 
Okla. Gas and Electric Co.) 

Ponca City Water Dept, 

Oklahoma State Dept, of Health 

at Coolidge, Kans. 

1,099 

U.S. Geological Survey Stream 
Gaging Station 

U.S. Geological Survey 

Kansas State Board of Health 
Colorado State Dept, of Health 

CHATTAHOOCHEE RIVER 




at Columbus Ga. 

160 

Columbus Water Dept. Plant 
Intake 

Atlanta Water Dept. Plant 
Intake 

Columbus Waler Dept. 

Georgia State Dept, of Public Health 

at Atlanta, Go. 

303 

Atlanta Water Dept. 

Georgia State Dept, of Public Health 

COLORADO RIVER 




at Yuma, Ariz. 

91 

Arizona Water Co. Intake 

Arizona Water Co. 

Arizona State Dept, of Health 

at Page, Ariz. 

775 

Page Water Plant Intake 

U.S. Bureau of Reclamation 

Arizona State Dept, of Health 

Utah State Dept, of Health 

near Loma, Colo. 

1,150 

Pumping Station at E.R. Smith 
Farm 

Mesa County (Colorado) Dept, 
of Public Health 

Colorado State Dept, of Public 
Health 

COLUMBIA RIVER 





near Clatskanie, Oreg. 

53 

Beaver Army Terminal U.S. 
Army Transp^ Supply and 
Maintenance Command 

U.S. Army 

U.S. Public Health Service 


at Bonneville Dam, Wash.- 
Oreg. 

145 

Bonneville Dam Powerhouse 

U.S. Army Corps of Engineers 

Oregon Stale Sanitary Authority 
Washington State Dept, of Health 
Washington State Pollution Control 
Commission 

at Pasco, Wash, 

327 

Municipal Water Plant Intake 

Pasco Water Dept, 

Washington State Dept, of Health 
Washington State Pollution Control 
Commission 

at Wenatchee, Wash. 

465 

Plant Intake, Aluminum Co. of 
America 

Aluminum Co. of America 
Chelan-Douglas County Health 
Dept, 

Washington State Dept, of Health 
Washington State Pollution Control 
Commission 









SAMPLING STATIONS AND COOPERATING AGENCIES—Continued 


STATION 

MILES 

ABOVE 

MOUTH 

DESCRIPTION 

SAMPLED BY 

DEL AWARE RIVER 


Municipal Water Plant Intake 
(Torresdale Plant) 

Philadelphia Water Dept. 

at Philadelphia, Pa. 

110 

at Martins Creek, Pa. 

191 

at Martins Creek Steam Electric 
Station 

Pennsylvania Power and Light 
Co 

GREAT LAKES 

Lake Erie, Niagara River at 
Buffalo, N.Y. 

— 

Municipal Water Plant Intake 

Buffalo Water Dept. 

Erie County (N.Y.) Health Dept. 

Lake Huron, Detroit River at 
Detroit Mich 

29 

Municipal Water Plant Intake 
(Water Works Park) 

Detroit Board of Water Commis- 
sioners 

Lake Huron St, Clair River at 

38 

Municipal Wafer Plant Intake 

City of Port Huron, Michigan 

Port Huron, Mich 


Lake Michigan at Gary, Ind 


Gary-Hobart Wafer Corp. Intake 

Gary-Hobart Water Corp. 

Lake Michigan at Milwaukee, 




Wis. 

— 

Municipal Water Plant Intake 

City of Milwaukee, Wisconsin 

Lake Superior at Duluth, Minn 

— 

Municipal Water Plant Intake 

Duluth Water, Gas and Sewage 
Treatment Dept. 

Lake Superior, St Maty's River 



at Sault Sle Mane, Mich. 

48 

Municipal Water Plant Intake 

Sault Ste. Marie Water Dept. 

HUDSON RIVER 


below Poughkeepsie, N.Y. 

70 

(esf) 

International Business Machine 
Cotp. Plant Intake 

International Business Machine 
Corp. 

ILLINOIS RIVER 

at Peoria, III. 

166 

Peoria Water Works Co. 

Plant Intake 

Peoria Water Works Co. 

KANAWHA RIVER 




at Winfield Dam, W. Va. 

30 

Winfield Dam Power Plant 

West Virginia Water Resources 
Commission 

KLAMATH RIVER 



at Keno, Oreg 

220 

one mile below Copco Hydro- 
generating Plant 

City of Klamath Falls 

Klamath County Health Dept. 

LITTLE MIAMI RIVER 


at Cincinnati, Ohio 

2 

Robert A. Toft Sanitary Engineer- 
ing Center Raw Water Intake 

Public Health Service 

MISSISSIPPI RIVER 



at East St. Louis, III. 

1,166 

East Sf. Louis Water Co. Intake 

East St. Louis Water Co. 

at Burlington, Iowa 

1,369 

Municipal Water Plant Intake 

Burlington Water Dept. 

at Dubuque, Iowa 

1,549 

U.S Army Corps of Engineers 
Lock and Dam #1 1 

Dubuque Water Dept. 

Qt Lock and Dam #3 below 
St. Paul Minn, 

1,757 

U.S. Army Corps of Engineers 
Lock and Dam #3 

U.S. Army Corps of Engineers 
Minneapolis-St. Paul Sanitary 
District ' 


OTHER COOPERATING 
AGENCIES 


Pennsylvania State Dept, of Health 
Pennsylvania State Dept, of Health 


New York State Dept, of Health 
Michigan State Dept, of Health 
Michigan State Water Resources 
Commission 

Michigan State Dept, of Health 
International Joint Commission 
Michigan State Water Resources 
Board 

Indiana State Board of Health 

Wisconsin State Board of Health 
Minnesota State Dept, of Health 


Michigan State Dept, of Health 
New York State Dept, of Health 


Illinois State Dept, of Public Health 


Kanawha Valley Power Company 
West Virginia State Dept, of Health 

Caltfornia-Oregon Power Company 


City of Cincinnati, Ohio 


Illinois State Dept, of Public Health 
Iowa State Dept of Health 
Iowa State Dept, of Health 

Minnesota State Dept, of Health 







SAMPLING STATIONS AND COOPERATING AGENCIES— Continued 


STATION 

MILES 

ABOVE 

MOUTH 

at New Orleans, La. 

105 

at Delta, La. fformerly at Vicks- 
burg, Miss.) 

at West Memphis, Ark. 

433 

726 

at Cape Girardeau, Mo, 

1,020 

MISSOURI RIVER 
at St. Louis, Mo. 

36 

at Kansas City, Kans. 

385 

at St. Joseph, Mo. 

471 

at Omaha, Nebr. 

642 

at Yankton, S. Dak. 
at Bismarck, N. Dak. 
at Williston, N. Dak. 

841 

1,377 

1,644 

OHIO RIVER 
at Cairo, III. 
at Evansville, Ind. 
at Cincinnati, Ohio 
at Huntington, W. Va. 
at East Liverpool, Ohio 

3 

190 

518 

677 

941 

POTOMAC RIVER 
at Great Falls, Md. 

126 

at Williamsport, Md. 

212 

RED RIVER (North) 
at Grand Forks, N, Dak. 

296 

RED RIVER fSouth) 
at Alexandria, La. 

122 

at Index, Ark. 

485 


DESCRIPTION 


Municipal Water Plant Intake 

River Landing, Delta Casting 
Yar<^ U.S. Corps oP Engineers 

Barge Terminal, OkJahoma'Mis- 
sissippi River Products Lines, 
Inc. 

Missouri Utilities Cc, Wafer 
Intake 

Water Plant Intake, St, Louis 
County Wafer Co. and Howard 
Bend Plant, City of St, Louis 

Municipal Water riant Intake 

St, Joseph Wafer Co. Intake 

Metropolitan Utilities Dist. Water 
Plant Intake 

Municipal Water Plant Intake 

Municipal Water Plant intake 

Municipal Water Plant Intake 


Cairo Water Co, Intake 
Municipal Water Plant intake 
Municipal Water Plant intake 
Huntington Water Co, Intake 
Municipal Water Plant Intake 


Washington, D.C, Water Plant 
Intake 

Hagerstown Municipal Water 
Plant Intake 

Municipal Water Plant Intake 


Pumpirrg Station on Levee near 
City Wells 

U.S. Highway No. 71 Bridge 


OTHER COOPERATING 
SAMPLED BY AGENCIES 


New Orleans Sewage and Water Louisiana State Dept, of Health 
Board 

Mississippi State Board of Health Louisiana State Dept, of Health 

Memphis (Tennessee) Light, Gas Arkansas Stale Board of Health 
and Water Division Tennessee State Dept, of Public 

Health 

Missouri Utilities Co. Missouri State Dept, of Public Health 

and Welfare 

St, Louis County Water Dept. Missouri State Dept, of Public 

St, Louis Water Dept, Health and Welfare 

Kansas City (Kansas) Board of Kansas State Board of Health 
Public Utilities 

St, Joseph Water Co Missouri State Dept, of Public 

Heafth and Welfare 

Metropolitan Utilities District Nebraska State Dept, of Health 

Yankton Water Dept. South Dakota State Board of Health 

Bismarck Water Dept. 

Williston Water Dept. North Dakota State Dept, of Health 


Cairo Water Co, Illinois State Dept, of Public Health 

Evansville Water Dept, Indiana State Board of Health 

Cincinnati Wafer Dept. Ohio State Dept, of Health 

Huntington Water Corp. West Virginia State Dept, of Health 

East Liverpool Water Dept Ohio State Dept of Health 


U.S. Army Corps of Engineers Maryland State Dept, of Health 

Hagerstown Wafer Dept. Maryland State Dept, of Health 


Grand Forks City Water Dept. North Dakota Slate Dept, of Health 


Alexandria Water Dept, Louisiana State Dept, of Health 

Texarkana Wafer and Sewer Sys- Arkansas State Board of Health 
terns 

Arkansas State Water Pollution 





SAMPLING STATIONS AND COOPERATING AGENCIES-Conflnued 



MILES 



OTHER COOPERATING 

STATION 

ABOVE 

MOUTH 

DESCRIPTION 

SAMPLED BY 

AGENCIES 

RIO GRANDE 




Texas State Dept, of Health 

of Brownsville, Tex. 

40 

Brownsville Filtration Plant 

Brownsville Water Dept. 


Plant #1 Intake 

Texas State Dept, of Health 

at Laredo, Tex. 

356 

Municipal Water Plant Intake 

Laredo Water Dept. 

at El Paso, Tex. 

ST. LAWRENCE RIVER 

1,234 

Municipal Water Plant Intake 

El Paso Public Service Board 

Texas Stole Dept, of Health 

New York State Dept, of Health 

at Massena, N.Y. 

422 

I Aluminum Foundry Plant Intake 

Chevrolet Motor Div., General 
Motors Corp., Aluminum 
Foundry 




SAVANNAH RIVER 



Georgia State Dept, of Public Health 

at Port Wentworth, Go. 

22 

State Highway Nc. 1 7 Bridge 

Union Bag-Camp Paper Co, 

U.S. Army Corps of Engineers 


at North Augusta, S.C. 

217 

Municipal Water Plant Intake 

Chatham Countv Health Dept. 
North Augusta Water Dept, 

South Carolina State Dept, of Health 

SCHUYLKILL RIVER 
at Philadelphia, Pa. 

SNAKE RIVER 

10 

Municipal Water Plant Intake 

Philadelphia Water Dept. 

Pennsylvania State Dept, of Health 

Washington Slate Dept, of Health 

at Wawawai, Wash. 

111 

(cst) 

354 

Pumping Station at 1 . E. Wilson 
Farm 

Municipal Wafer Plant Intake 

Washington Stale College 

at Weiser, Idaho 

TENNESSEE RIVER 

Weiser Water Dept. 

Idaho State Board of Health 

Tennessee State Dept, of Public 



at Chattanooga, Term. 

467 

City Water Company Intake 

City Water Company of Chat- 


(cst) 

tanooga 

Health 

YELLOWSTONE RIVER 


Montana State Board of Health 

at Sidney, Mont. 

30 

Intake-Lewis and Clark Station 

Montana-Dakota Utilities Co. 


Montana-Dakota Utilities Co. 
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Equipment, Materials and Methods 


Samples of raw water are collected semimonthly from each 
Network station and sent for processing to the Public Health 
Service’s Water Quality Laboratory, Cincinnati, Ohio. Each 
sample is taken directly from the river or lake, or from a continuously 
flowing intake (as at a water treatment plant) receiving the 
river or lake water. 

The sample, consisting of three liters of untreated water, is 
added to 100 ml. of preservative (thimerosal, 0.16 percent, plus 
Lugol’s solution, 1 percent) in a polyethylene sample bottle. The 
Lugol’s solution stains parts of the cells making identification 
easier. It also aids in settling the plankton since the iodine causes 
some of them to lose gas and, therefore, their buoyancy. This 
preservative has been found to be eflfective for approximately 1 
month during the warm seasons and longer during cool weather. 
One gram of sodium borate is added for each gram of thimerosal 
to help keep the thimerosal in solution. 

Three analyses, each requiring one liter, are performed per 
sample: (1) the genera of phytoplankters are identified and enumei- 
ated using the Sedgwick-Rafter slide technique; (2) the genera of 
microinvertebrates, mostly rotifers and crustaceans, are settled, 
identified to genus and counted in a special microslide; and (3) the 
diatoms are settled, washed and made into a permanent hyrax 
slide from which are made proportional counts of the species and 
some of the varieties. These determinations are also used to quali- 
tate to genus the diatoms recorded in the Sedgwick-Rafter (step 
one) procedure and to make the proportional counts in step three. 

Phytoplankters counted in the Sedgwick-Rafter slide include 
forms, measuring four microns or more. Clump counts are made 


of fungi and sheathed bacteiia. The Sedgwick-Rafter counts for 
total algae that were alive when collected are made as clump counts 
in which each single-celled individual or natuial clump or colony 
of cells is enumerated as one. Diatom shells without chiomato- 
phores are tallied separately from preserved diatoms with chromato- 
phores. 

Because tiny centric and pennate diatoms cannot be adequately 
identified to genus from the Sedgwick-Rafter slide, their determina- 
tion is dependent on accutate identification during proportional 
counting from permanent hyrax slides. However, all other algae 
are determined to genus, including the colonial diatoms Melosira, 
Asterionella^ Fragilaria and Tabellaria, These diatoms form natural 
aggregates or colonies and can be lecognized in a Sedgwick-Rafter 
cell. Ail other diatoms, however, are counted only as Gentries or 
pennates since identification, even to genus, is often obscure with 
the resolution and magnification (200X) available in the Sedgwick- 
Rafter method. The identification and relative abundance of 
various diatom species are determined from a permanent hyrax 
slide and these findings are used to identify the genera of the 
diatoms in each Sedgwick-Rafter count. 

In concentrating by centrifugation of raw samples low in phyto- 
plankton a moderate propot lion of buoyant foims is lost, broken 
apart or so compacted with their spines or gelatinous secretions 
that they cannot be redistributed randomly for counting under the 
microscope. For these reasons most of the quantitation of pliyto- 
plankters has been obtained from unconceiitrated or undiluted 
raw water samples. The count is in a Sedgwick-Rafter slide using 
20-power objectives and 10-power oculars, and is accomplished by 


counting two lengthwise strips (about 500 microns) the width of 
the Whipple square. 

These two su ips repi esent a volume of about 0,05 ml. To obtain 
the number of planktcrs pei ml., a factor of 20 to 22 is used, varying 
with the coriection for pjeservative dilution and differences in 
calibration of the microscopes. Precise techniques have been 
developed for obtaining representative and geometrically accurate 
one-inl. samples for- counting in the Sedgvvick-Rafter slide. 

For the rare occasions where concentrations of phytoplankton 
were necessary, settling proved to be the best method, affording the 
least loss or distortion of organisms. Furthermore, this concentra- 
tion technique has the advantage of allowing the sediment to be 
waslicd with distilled water to free it of colloidal material and some 
of the silt particles, wliich interfere with optics in some of the 
tuihid samples. 

Identification of diatom species and their proportional census is 
done from incinerated frustules of diatoms settled and washed from 
a liter of sample. The washed sediment containing the diatoms is 
dried on a warming table on a number one coverglass, and this sedi- 
ment is ashed in place on the covers lip on a red-hot hotplate. This 
method does not appear to change the minute identification mark- 
ings of the siliceous cell walls and enables the two valves (epitlieca 
and hypotheca), as well as the groups of cells attached to one another, 
to remiiin in a natui'al grouping, so that Sedgwick-Rafter counts 
and proportional counts can be matched, 

Chemical cleaning was abandoned because bubbling separates 
the valves, distoi’ts natural cell grouping, and tends to inflate the 
actual count. Permanent slide mounts are made with hyrax 
medium. The technique of settling, washing in distilled water, 
and mounting does not appear to alter the uniformity of the 
diatom species composition. Proportional counts are made with 
90'power oil immersion apochi’orrnatic objectives and 10-power 
oculars containing a Whipple miciometei grid. Random strip 
counts are made until the total number of units reaches 200 to 300. 
Higher counts ai'e necessary when one or two species are overwhelm- 
ingly abundant. 

Identification to species is facilitated by the described techniques 


in settling, washing and hyrax preparation, and by the use of the 
best optical lenses available. 

Proportional counting of diatoms from permanent slides is on a 
modified unit-area basis, in which each single cell or each portion 
of a natural aggregate occupying up to 300 sq u a I'e microns is tallied 
as one unit, cells or aggregates occupying from 300 to 1,000 square 
microns as two, those 1,000 to 2,500 square microns as three, those 
2,5 00 to 5,000 square microns as four, and those over 5,000 square 
microns as five. The Whipple grid makes this scaling simple. 
This system gives a slight weighting to the larger specimens and 
colonies, which are seldom numerically abundant, but it is basically 
the same as the Sedgwick-Rafter count used for enumerating the 
other phytoplankters. About 95 percent of the cells or clumps 
naturally fall into size class one or two. 


Proportional Counting 

The numbers and kinds of diatoms obtained froni the one-liter 
sample aliquot usually provide sufficient organisms for a kinds -to- 
numbers determination. This involves identifying and counting 
enough diatoms of the four most abundant species and the re- 
mainder. For this analysis, counting of great numbers was found 
unnecessary; the percentages of the total diatom count are de- 
termined for the four most numerous species after counting only 
about 250 or so individuals. Further counting does not signifi- 
cantly change the proportion of the total population thus found 
to be represented by the four predominant species. 

This more rapid method of deterrniiring the species diversity by 
using diatoms was developed because of the large number of samples 
processed from the National Water Quality Network. A trained 
counter requires about *15 minutes to read an average slide. 

Sonre generalizations about community dynamics are possible 
because a separate tally is maintained for eacli species. The diatom 
charts (pages 15 and 16), showing the relative occurrence of the 
four species most abundant at 65 stations, dramatically show the 
distribution and species character of the Network. 
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Biotic Characterization of Waterways 


The organisms most abundant at any sampling station at any 
given time are the most reliable key to conditions of the environ- 
ment. Species present in relatively lower numbers may not be 
reliable for this purpose because they sometimes represent organisms 
washed into the stream from ponds, creeks and other minor aquatic 
habitats. Furthermore, the flowing together of two unlike principal 
streams may produce a segment of mixing water containing organ- 
isms that do not represent true environmental conditions. Sur- 
viving healthy organisms become reliable indicators when they 
continue to multiply in the new water mixture and become pre- 
dominant. 

The four most abundant diatom species reflect in most situations 
the environmental conditions in the streams and Great Lakes. 
They were used during this investigation to indicate differences in 
water quality and other environmental conditions. Raie organisms 
are frequently encountered in streams that receive biota from other 
streams or lakes with unlike environments. Relatively dense, 
healthy plankton populations of several species, however, are very 
useful, because they usually represent favorable environmental 
conditions. 

In analyzing the plankton from the same rivers and lakes for 
over three years, one is impressed with the “peisonality” of each 
river and many of its stations, based on the kinds of dominant 
biota each supports. The person engaged in plankton identification 
and enumeration soon learns to recognize many of the rivers and 
even individual stations by the characteristic plankton each produces. 
The table on page 13, wherein letters are used to show the presence 


of individual species, reveals the similarities among stations on a 
given stream. For example, similarities are noted between the 
stations of the Great Lakes and between those of the Columbia 
River. Also, the Southeast, the Northeast, the Southwest, and 
the upper and lower Mississippi River each have their characteristic 
diatom floras. 

A decided marine influence at three of the Network stations is 
evidenced by the brackish diatoms always present. These are 
Poughkeepsie, New York on the Hudson River; Port Wentworth, 
Georgia on the Savannah Rivei; and Philadelphia, Pennsylvania 
on the Delaware River. In addition, the diatoms of Port Went- 
worth include species typical of the South Atlantic coastal waters. 

Some other coastal stations have shown marine influence after 
periods of low rainfall, which alloivs brackish water to back up 
during periods of high tide. Cyclotella striata is the most common 
species from these stations, but brackish species of CoscinodiscitrS 
denar us are also numerous. 

Diatoms found in laige numbers in all major drainage basins and 
the Gieat Lakes are Diatoma vulgare^ Fragilaria crotofiensis, Melosira 
amhiguaj Melosira granulatUy and Stephanodiscus hantzschii. 

Diatoms characteristic of the Great Lakes (absent or extremely 
rare at river stations) aie Cyclotella covita, Cyclotella kutzingiaiiay 
Melosira binderana, Melosira islandica and Rhizosolenia eriense. 

Diatoms characteristic of the Aikansas, Colorado and Rio Grande 
rivers (arid regions with wateis of high calcium carbonate hardness 
and often with high dissolved salts) oxq Amphiprora alata^ Amphiprora 
paludosay Amphora ovalisy Biddulphia laevis, Caloneis amphisbaena, 
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dehcaiula^ Surirella brightivelhi and Surirella striatula. 
In the Red River (south) Diplonds snnthii dominate. 

Certain diatums dominate for short periods at widely separated 
station^, but are ciiaractenstic for these stations by their abundance 
and high fuielity. The Southeast is represented by Cyclotella 
pseudostellis^era and Mdosira disians variety alpigena. Buffalo, 
New Yorh and Peoria. Illinois are identified by the high incidence of 
Sifphauodiscus niagarae. While Tabellana jenestrata is widely dis- 
irilnitej, it overwhelmingly dominates at Gary, Indiana. 

In the Ohio River, except East Liverpool, Ohio, two species of 
Mehsira are abundant: M. arfibigua and Af. granulata. A large 
centric iliatom Siepkanodiscus ntagarae variety magnifica is charac- 
teristic of the Klanuith River. The Colorado, Snake and Yellow- 
stone rivers often have fossil species of diatoms 
d'he sioatioris with the hipliest counts (productivity) are Peoria, 
Illinois; Ponta City, Oklahoma; St Paul, Minnesota; Keno, Oregon 
and Grand Forks, North Dakota. 


While Gary, Indiana has the highest pioductivity of the Great 
Lakes stations, its counts are low when compared with those of high 
productive river stations. In general the lowest pioduction stations 
are on the Great Lakes and in the Southeast. 

Most of the 65 stations represented in this report have their 
highest counts during February-May. Only 13 of the 65 had theii 
highest counts during October-January. 

High temperatures and impounded water promote dense popula- 
tions of blue-green algae in the late summer and early fall at several 
stations such as Cincinnati on the Ohio River. 

Heavy turbidity drastically reduces the planktonic biota, par- 
ticularly evident in the lower Missouri river. 

Achnanthes minutissimay reported by ecologists to be an indicator 
of high dissolved oxygen, is common in the headwaters of the 
Columbia River. 

Astenonella formosa and Diatonia elongatum become abundant 
during cold water seasons. 
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^tribution of Most Abundant Species of Diatoms 


Stations 


RIFERS 12345678 

kPN kdP PVm mPA 
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, TQJ 

dWL ALG 

. SKH SQY 
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-e are the thiee species occurring most frequently in the one year period ending June 
it each of the plankton study stations in 15 Network waterways (including the Great 
X single unit). This three-species identification affords a simple, quick comparison 
re important diatoms and demonstiates the distinct “peisonalities” of the sampling 
^ach three-letter symbol represents a station and the stations (except the Great Lakes) 
ed in upstream sequence beginning at the river mouth. 


Key to Species 


A Achnanthes minutisslma 
B Amphiprora paliidosa 
C Anomoeoneis exilis 
D AsterioneJIa formosa 
E Biddulphia laevis 
F Caloneis amphisbaena 
G Cocconeis placentula 
H Coscinodiscus denarius 
I Cyclotella meneghiniana 
J Cyclotella striata 
K Cymatosira beligica 
L Diatoma vulgaie 
M Diploneis smithii 
N Fragilaria capucina 

0 Fragilaria construens 
P Fragilaria crotonensis 
Q Melosira ambigua 

R Melosira binder ana 
S Melosira distans alpigena 
T Melosira granulata 
U Melosira islandica 

V Melosira varians 

W Naviciila crypLocephala 
X Navicula vindula 

Y Navicula sp. 

Z Nitzschia lanceolate group 
a Nitzschia linearis 
b Nitzschia palea type 
c Stephanodiscus astiaea minutiila 
d Stephanodiscus hantzschii 
e Stephanodiscus niagarae 
f Surirella brightwellii 
g Surirella ovata 
h Suiirella stiiatula 

1 Synedia acus 

j Synedra tabiilata 
Ic Synedra ulna 
1 Synedia vaucheriae 
ni Tabcllaiia fenestrata 
X Other entity 



Diatom Species Occurring at the Study Stations'^ 


October 19S9-June 1961 


Achnonthcj lonceolato Bt«b. 
Achnanthei rrinuflijima Kiifz. 
Amphiproro olaiQ Kutz. 

AmpHipfOfO paludoso W. Smith 
Amphofa ovolii Kuti. 

Anono«on«f» exiii* (Kvti) Cleve 
Ai((rjsn«lla fcrmoia Honall 
Bacillarlo pcrodoxa Gm«Iin 
Btddulphia la«vit Ehr 
Cabritii amphhbaeno (Bory) CUv« 
Ctfa!an«ii orcuf KuU 
Coccontii pidicubj Ehr. 

Cocconcit placentula Ehr. 
CoKtnodi$cu» rolhit (Ehr.) GfOn. 
Cyciotdio afomus Hurt 
Cycloltlh comJa (Ehr) KuJ*. 
Cyclottilo slomtroia Boehm. 
CyelofeljQ kutzinsiono ThwoiUt 
Cyclcitclfa ffltnc^hinlona Kirfz 
CyctoUllo puudoitclli^cra Hutt. 
Cycbt«lia A Grun. 

Cyclotzlla ifrioto (Kj ) Gryn. 
CymotopUura selta (8r«b ) W. Smith 
Cymatoiira btligica Grynow 
CymbcHa oFfinit Kutz 
Cymbefla tumido (Breb ) Heurck 
CymbiHo ventricoio Kufz. 

Diotamo oii«pi (Ehr.) Grynow 
Djafomo tJonjotum C A. Agordh 
Diafomo vuljore Bory 
Diplon«ii imithii (Brcb.) Cltve 
Epithemia twgtda (Ehr ) Kutz. 
Eplihimia torex Kutz. 

Eunotia pzclinohi (Kutz ) Rab«n. 


Frogilotia brevistriola Gtun. 

Fragilatta capucino Dc$m. 

Fragilaria conitruens (E.) Grun. 

Fragilorio crotoneniU Kitton 
Fragilaria leptoitauron (Ehr.) Must. 
Frogiloria pinnala Ehr. 

Frogiloria virezeens Rolfs. 

Fruslulio vulgaris Thwoiles 
Gomphoneis hcrcoleano (Ehr.) Clevc 
Gomphonema olivoceum (Lyngb.) C. Ag, 
Gomphonema parvuium Kiifz. 

Gyrosigma kutzingll (Gron.) Cleve 
Hantzchia amphloxys (Ehr.) Grun. 
Melosiro ombigua (Grun.) O. Miiiler 
Melosira binderano Kg. 

Mefoiiro distons (Ehr.) Kiitz. 

vor. aipigeno Grun. 

Melosira gronuloto (Ehr.) Rolfs. 

Melosiro islondico O. Muller 
Melosira varloni C. A. Agordh 
Meridion circulate (Grey.) C. A. Ag. 
Navicula conalis Patrick 
Hovicula conienlo Grun. 

Navicula ayptocephala Kiitz. 

Navicula cuspidata Kutz. 

Novicula hungarica Grun. 

Navicula mufica Kiitz. 

Navicula notha Wolloce 
Navicula tripunctata (Mull.) Bory 
Navicula viridula KiHi. 

Nitzschio ocicularis (Kutz.) W, Smith 
Nilzschia apiculata (Gregory) Grun. 
Nitzschio denticula Grun. 

Nitzschio dissipafo (Kiitz.) Grun. 


Nitzschio fllliformis (W. Smith) Hust. 
Nitzschio fonticola Grun. 

Nitzschia holsartco Hust. 

Nitzschia hungarica Grun. 

Nitzschia linearis W. Smith 
Nitzschia parvulo Levis 
Nitzschia sigma (Kiitz.) W. Smith 
Nitzschia sigmoidea (Ehr.) W. Smith 
Nitzschia tryblionclla Hantzsch 
Pinnularia borealis Ehr. 

Pleurosigma delicatulom W. Smith 
Rholcosphenia curvata (Kiitz.) Grun. 
Rhizosolenia eriensis H. L. Smith 
Rhopalodia gibba (Ehr.) O. Miiiler 
Stephanodlscus astraea (Ehr.) Grun. 

var. minutula (Kiitz.) Grun. 
Stephanodlscus dublus (Fricke) Hust. 
Stephanodlscus hantzschil Grun. 
Stephanodlscus niagarae Ehr. 
Stephanodlscus niagarae Ehr. 

var. magnifica Fricke 
Stephanodlscus tenuis Hust. 

Surirella angustata Kiitz. 

Surirella brightwellii W. Smith 
Surirella ovata Kiitz. 

Surirella striatula Turpin 
Synedra acus Kiitz. 

Synedra pulchella Kiitz. 

Synedra nana Melster 
Synedra tabulate (C. Ag.) Kiitz. 
Synedra ulna (Nitzsch) Ehr. 

Synedra vaucheriae Kiitz. 

Tabellaria fenestrata (Lyngb.) Kiitz, 
Tabellarla flocculosa (Roth) Kiitz. 


1 nt'J i’ccirred me or more iit-ies in aegre^ate samplings as one of the four most abundant recorded at study stations in the 15 waterways involved. 
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Occurrence of Four Most Abundant Diatom Species 


UCCURRErCE AS» O'JE OF THE FUUR 
•■OST AbUKDANT SPECJtS Of DIATOMS 
• - I cci 25 PERk.TNT OY Tilt TU'E 

A - 26 CO 50 PERCEnr OF THP TIME 

A - 5L CO 75 PtRCEtIT OF THE TUlt 

- 76 to 100 PERCeNT OF THE Tltlb 

RIVTR STATION 

AHIHAS Cb[J\H HILL 

APALACH tCULA L ti\TTAHOOC MCE 

ARKANSAS PFNDLETOH TERRY 

PONCA CITY 


CHATTAHOOCHFE 

COLORADO 

lOLITISIA 


DELAWARE 
GREAT LAKES 


HUDSON 
ILLINOIS 
KAHAWH\ 
KLAMA ni 
LITTU MlAm 
MISSISSIPPI 
(upper) 

(lower) 


MISSOURI 


(HIIO 


POTOMAC 

RFD (North) 
RFD (South) 

RIO GHANDT 

ST, UWREHCE 
SAVANNAH 

SCHUYLKllI 

SNAKE 

TENNtSSPF 

YFLLOMbTONK 


COOLIDCt 

Ct3LL"‘iBUS 

ATLAliTA 

YUTtA 

PACT 

LOJIA 

CLATSIGXNIE 

BONNEVlLIt 

PASCO 

^/ENATCMEE 

PJIILADFLPMIA 

MARTINS CREEK 

BUFFALO 

MILWAUM-E 

DETROIT 

DULUTH 

CAR^ 

SAULT STE, MARIE 

PORT HURON 

POUGUKELPRIF 

PFORIA 

WINFIT LD 

KENO 

CINCINNATI 
£ ST, LOUIS 
BUHLXIxCTON 
OUBUOUF 
ST. PAUL 
NEW ORLEANS 
delta 

WEST MEMratS 
CAPF GlRARDfc.AU 
ST. IX)UIS 
KANSAS dll' 

ST. JOSEPH 
OJtAm 
YANKTON 
BlS'-lARCK 
WILl ISTON 

CAIRO 

SVANSVILIE 

rlLCtHKATl 

HUNTINGTON 

EAST LIVfcRPOOL 

GREAT FALLS 

WILLIAMSPORT 

GRAND FORKS 

ALEXANDRIA 

INDFX 

DENISON 

BROSTISVILU 

LAKLDO 

Et PASO 

MASSTHA 

PORT WHTWOKfH 

NORTH AUGUSTA 

PlULADMPIltA 

WAWAWAX 

\(yiSfcR 

lhattanoqoa 

SlDMbV 
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Green Flagellates at 48 Stations 


Because of the interest of some reseaichers in the use of green flagellate algae as potential indicators of organic enrichment, the compila- 
tion below is presented. 

Semimonthly samples were used, beginning with the second sample in July 1960 through September 1961. Only those stations having 
uninterrupted sampling for this period are included. Average green flagellate counts for 48 stations for the IS-month peiiod are shown 
below. 


River 

Station 

Counts! 

ml 

River 

Staiioti 

Counts! 

ml 

Missouri - __ 

Yankton, S. Dak, _ _ 

2, 050 

Mississippi 

Delta, La 

80 

Mississippi.--- __ _ 

Minneapolis, Minn - - 

481 

Animas 

Cedar Hill, N. Mex ,, 

72 

Arkansas _ „ 

Ponca City, Okla 

466 

Mississippi, 

W. Memphis, Ark - 

69 

Ohio-, 

E. Liverpool, Ohio 

417 

Colorado 

Loma, Colo 

67 

Missouri 

Omaha, Nebr _ 

375 

Arkansas — 

Pendleton Ferry, Ark _ 

57 

Chattahoochee 

Columbus, Ohio., 

258 

Fludson, , - 

Poughkeepsie, N.Y, 

51 

Ohio 

Evansville, Ind 

252 

Delaware 

Martins Creek, Pa. 

51 

Missouri-- 

St. Joseph, Mo-- 

226 

Tennessee, ,,, 

Chattanooga, Tenn 

51 

Rio Grande 

Brownsville, Tex 

211 

Red River (S) 

Denison, Tex _ , _ 

46 

Ohio 

Cincinnati, Ohio 

196 

Coloiado,, 

Yuma, Ariz 

40 

Missouri 

Kansas City, Kans, 

176 

Arkansas _ 

Coolidge, Kans 

37 

Kanawha 

Winfield, W. Va 

167 

Missouri, - „ _ _ 

Bismarck, N. Dak _ _ 

37 

Yellowstone.-, _ 

Sidney, Mont 

164 

Colorado 

Parker Dam, Ariz.-Calif , 

36 

Missouri 

St. Louis, Mo 

162 

Columbia 

Bonneville, Oreg. , _ 

35 

Red River (S) 

Index, Tex _, „ _ _ , 

145 

Columbia __ 

Clatskanie, Oreg 

33 

Potomac _ 

Great Falls, Md _ 

139 

Mississippi. _ , 

New Orleans, La 

31 

Snake 

Wawawai, Wash , 

138 

Ohio. - 

Cairo, 111 

29 

Apalachicola __ _ 

Chattahoochee, Fla __ 

137 

Lake Michigan 

Gary, Ind,_ . 

18 

Colorado 

Page, Ariz _ 

134 

Lake Erie _ 

Buffalo, N.Y 

15 

Ohio 

Huntington, W. Va_. 

116 

Lake Huron 

Port Flui'on, Mich 

12 

Missouri 

Williston, N. Dak 

112 

Lake Huron 

Detroit, Mich 

10 

Mississippi 

Dubuque, Jowa 

89 

Lake Superior 

Duluth, Minn. 

3 

Savannah 

Port Wentworth, Ga 

83 

Lake Superior 

Sault Ste. Marie, Mich 

2 

Mississippi 

Cape Girardeau, Mo 

82 

Colorado 

Boulder City, Nev 

2 





2-GREEN ALGAE 


1-BLUE-GREEN 

ALGAE 




Anacyitls |Klc(ocystls| 




Phornilitlum 


CtuclEenia 



3-GREEN 4-OTHER PEGMENTED 

FLAGELLATES FLAGELLATES 
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Planktonic Green Algae^ Mississippi River — 1959 



DUBUQUE, 

iOWA 




BURLINGTON, 

IOWA 




VICKSBURG, 

MISSISSIPPI 



E. ST. LOUIS, 
ILLINOIS 



NEW ORLEANS, 
LOUISIANA 



legend: 



AVERAGE NO,GENERA/ml 



AVERAGE COUNT/ ml 



AVERAGE COUNT/ ml OVERLAP 


Similarifies or differencp befween sampling stations can be observed through separotc reporting of the three major groups, diatoms, green 
tlagellatcs, and rotifers. Charted above are planhtonic green algae (nonHagcIfales) 4.month averages for the year 1959 at eight Mississippi 
Kiver stations. The count decreases suewssively station by station dowstream from St. Paul, Minn, to New Orleans, La. The average count per 
ml. tor the whole year was 2,087 at St. Poul and 1 51 at New Orleans. 





Relative Abundance of Diatoms, Other Algae and Rotifers, Ohio River 
National Water Quality Network Samples — 

May 1960- June 1961 


COUNTS 

PER 


COUNTS 
PER 
LITER 
120 , 
100 


OHIO RIVER 





DIATOMS 
OTHER ALGAE 
ROTIFERS 


ProducMon by plankfontc algae and consumption by planktonic rotifers has an important bearing on water quality. Wastes discharged Into 
rivers may produce problems from overproduction by diatoms and other algae and underconsumption by microinvertebrates as the natural self- 
purificotion process takes place. To maintain water of high quality a balance of production and consumption is a desirable objective of stream 
management. A graphical presentation of this relationship for 5 sampling stations on the Ohio River is shown. Along the Ohio River the highest 
standing crops were observed during the late summer and early fall when flow rates are the lowest. Cincinnati, the midpoint station between the 
headwaters and river mouth, had the highest productivity of the 5 sampling stations. 



Average Number of Rotifers Per Liter * 

July 1960 through June 1961 


River 

Station 

Count 

Animas __ _ __ 

Cedar Hill, N. Mex. 

14,7 

Apalachicola. _ . 

Chattahoochee, Fla. .. . 

34.2 

Arkansas 

Pendleton Ferry, Ark.. .. . 

11,9 


Ponca, City, Oklji. . 

39.0 


Coolidge, Kans. . .... 

4.5 

Chattahoochee. . 

Columbus, Ga 

125.2 


Atlanta, Ga ... 

3.4 

Colorado 

Yuma, Ariz 

2.0 


Page, Ariz 

2.0 


Loma, Colo... .. 

0.6 

Columbia 

Clatskanie, Oreg 

46.8 


Bonneville Dam, Wash, -Oreg. 

18.9 


Pasco, Wash 

3.9 


Wenatchee, Wash 

3.7 

Delaware 

Philadelphia, Pa 

9.0 


Martins Creek, Pa 

6.3 

Great Lakes 

Buffalo, N.Y 

66,1 


Detroit, Mich 

16.2 


Port Huron, Mich 

22.2 


Gary, Ind 

16.2 


Milwaukee, Wis 

8.3 


Duluth, Minn 

1.3 


Sault Ste. Marie, Mich 

7.7 

Hudson 

Poughkeepsie, N.Y. 

8.0 

Illinois 

Peoria, III 

242.2 

Kanawha 

Winfield, W. Va 

6.1 

Klamath 

Keno, Oreg 

161.3 

Little Miami 

Cincinnati, Ohio 

85.2 

Mississippi (Uppei) 

E. St. Louis, 111 

45.0 


Burlington, Iowa 

18.0 


Dubuque, Iowa - 

42.0 


St. Paul, Minn 

242.0 


River 

Station 

Coun 

Mississippi (Lower) 

New Orleans, La 

0.5 


Delta, La 

0.8 


W. Memphis, Ark. 

3.7 


Cape Giraidcau, Mo, 

2.8 

Missouii 

St. Louis, Mo.. 

0 


Kansas City, Kans . .. 

0 


St. Joseph, Mo 

0.1 


Omaha, Nebi .. — . . 

0.5 


Yankton, S. Dak . . . . 

27.3 


Bismarck, N. Dak. .. 

4.8 


Williston, N. Dak 

0 9 

Ohio 

Cairo, 111 . 

3.0 


Evansville, Iiid_. _ _ _ 

71.0 


Cincinnati, Ohio. 

58.0 


Huntington, W. Va 

28.0 


E. Liverpool, Ohio ... 

13,0 

Potomac. - - 

. . Great Falls, Md„_ . _ 

2.9 


Williamspoit, Md_ . .... 

1.4 

Red (No.) 

. . Grand Forks, N. Dak.. .. . 

175.9 

Red (So.) 

Alexandria, La. . . 

48.8 


Index, Tex . _ _ — 

8.0 


Denison, Tex . 

6.0 

Rio Grande. 

Brownsville, Tex. . 

137.2 


Laredo, Tex . _ 

0.1 


El Paso, Tex 

2. 1 

St. Lawrence.. 

Massena, N.Y 

16.0 

Savannah 

Port Wentwoith, Ga 

1.0 


N. Augusta, S.C . 

2.0 

Schuylkill 

Philadelphia, Pa _ 

13.0 

Snake 

Wawawai, Wash 

4.7 


Weiser, Idaho 

18.8 

Tennessee 

Chattanooga, Tenn 

22.5 

Yellowstone 

Sidney, Mont.. 

0.8 


*Semiinonthly samples from 65 Stations of the National Water Quality Network. 



Explanation Of Sampling Station Charts 


A. BAR GRAPH — Percent Occurrence and Relative Abundance of 
Diatoms. 

The quality of surface waters at a given time may be indicated by 
the kinds and numbers of organisms they support. One eifect of 
enrichment is a decrease in the diversity of the diatom species. The 
identification and relative abundance of the predominant diatom 
species is basic to the determination, of their species diversity. 

The bar graph, ^'Diatoms — Present Occurrence/* lists those 
species of diatoms which appeared first, second, third or fourth in 
abundance in semimonthly samples taken during the period desig- 
nated at 65 stations of the National Water Quality Network for the 
year beginning July 1, 1960. Foi those species in first or second 
place at any time, the graph presents the percent of the time they 
occurred as either first, second, third or fourth in abundance. For 
instance, in the Columbia River at Clatskanie, Oregon, Synedra 
ulna was the number one species 19 percent of the time, was in 
first or second place 32 percent of the time, was among the first 
three predominant species 51 percent of the time, and was among 
the first four 76 percent of the time. Species which never occuried 
in first or second place, but which did occur in third or fourth are 
listed, but theii percent occuirence is not shown. 

The pel cent occurrence in no way reflects the actual population 
density. A species second in abundance, for example, may be pres- 
ent in only small numbers; another may have occurred in large 
numbers in some samples, but because it was not among the first 
four, would not be listed. 

Both the bai and circle graphs (see B, p. 25) deal with the same 


PERCENTAGE OF FOUR 
MOST ABUNDANT 
DIATOM SPECIES 



DIATOMS COUNTS / ml. CIRCLE SIZE 


0-1000 SMALL 

1001 -3000 MEDIUM 

3001 -OR OVER LARGE 



sampling period. The bar graph includes species names and com- 
prises one year’s collection of data. 

B. CIRCLE GRAPH — Diatoms, Species Diversity (See diagram 
at left). 

While the bai graph is designed to show the percent occurrence 
and names of the foui most abundant species for a year, the circle 
giaph indicates the species diveisity of diatoms at each of the 24 
(semimonthly) sampling times for the year July 1960 through 
June 1961. Semimonthly samples are represented by radial lines 
extending fiom the perimeter of the circle. The short radial lines 
with month designations represent the second semimonthly samples 
normally taken during the third week of the month. The longer 
lines represent the first of the semimonthly samples. The months 
are recorded consecutively clockwise. 

A total diatom population range is expressed in the size of the 
circle. Three circle sizes are used. A small circle (4 cm. in di- 
ameter) represents a diatom count of between zero and 1,000 per 
ml., a medium circle (6 cm. in diameter), between 1,001 and 3,000 
per ml., and a large circle (8 cm.) above 3,001. 

A total diatom population of any sample is represented as a 
percent by the radius designated for that sample. The percent of 
diatoms, other than the four most abundant species in a population, 
is determined by the distance from the center of the circle to a 
point on the radius. A quartile scale is given on a vertical radius 
of each circle. The central blank portion of the circle is formed by 
radially plotting percent of diatoms other than the four most 
abundant species Sections shaded by the smaller dots represent 
samples not analyzed. Species diversity is indicated by the 
extension of the white area from the center of circle. Thus a line 
drawn to connect these points on the 24 radii Inscribes a figure or 
pattern which may be characteiistic for each station. As the 
central clear area extends outward greater species diversity is 
indicated. Correspondingly, less diversity is indicated as the 
outer dark area increases. 

The perimeter is divided into evenly spaced sampling times and 
each circle giaph shows the fluctuations in species diversity between 


the 24 sampling times during the year. For example, species 
diversity is relatively great at Wawawai, Washington on the Snake 
Rivei and relatively low at Grand Forks, North Dakota on the 
Red River. Many of the 65 circle graphs suggest seasonal patterns, 
with the least species diversity in late summer and fall. At CJats- 
kanie, Oregon on the Columbia River, species diversity is greater 
during the winter months than the summer months. 

C. LOGARITHMIC LINE GRAPH— Total Live Phytoplankton 
Counts. 

Total live phytoplankton counts are plotted beginning with July 
1959 for those stations that weie in operation at that time. Counts 
are presented in a logarithmic scale on the vertical axis. The 
counts exclude the inert diatom shells. A summary of average 
seasonal total live phytoplankton counts is also pi esented. Seasonal 
peiiods averaged extend from June-September, October-January, 
and February-May. 

D. TABLE OF ZOOPLANKTON 

Four genera of lotifeis were found to be vciy common in the 
major wateiways of the United States by this study. The occurrence 
of these genera during the period July i960 to July 1961 is presented 
with average counts per liter per sample. Column one presents 
the number of occuriences of all rotifers present in all samples. 
The second column gives the average count per liter based on all 
samples, whether or not rotifers were present. 

Similar tieatment is given copepods, cladoceraus, nauplii, nema- 
todes and other invertebrate metazoans. 

E. TABLE OF MOST ABUNDANT GENERA OF ALGAE 
The most abundant genera of algae are recorded in tabular form, 

the ciiterion for inclusion being occurrence in numbers 150 per ml. 
or more. The percent occurrence in these numbers is presented. 
The table is broken down into major groups (blue-greens, greens, 
green flagellates, other pigmented flagellates, diatoms — centric and 
pennate). This permits comparisons among these majoi groups 
of algae. 
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CEDAR HILL, NEW MEXICO 
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I NO AJiALYSIS M\DB 


90 100 

_1 1 


zooplankton 

Samples analyzed 19 
July I960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 

Rotifers. 12 

Keratella 2 

Polyarthra 2 

Brachlonus 1 

Synchaeta 0 

nauplli i 

copepods 0 

claJocerans 0 

Nematodes 0 

Other invertebrate metazoans 0 


16.7 

0.3 

0.1 

0.1 

0 

14.2 

O.l 

0 

0 



MOST abundant 
GENERA Q F ALGAE 

Percent frequency of counts 
ISO pel ml . or more 
Prom Peb, 1960 to May 1961 

Diatoms 


Penn ate 


Aohnanthos 

Id 

Fr.»gilaria 

14 

Goraphonemn 

7 

Navi cu la 

17 

Nitzschla 

35 

Surireila 

60 

Syncdta 

71 



APALACHICOLA RIVER 
CHATTAHOOCHEE, FLORIDA 


Sa'imontnly Sanples 
f roiii July i 960 to July 1961 


Melosira distans 
var. nlpigetia 

Melosira amblgua 


DIATOMS-PERCENT OCCURRENCE 
0 10 20 30 40 50 60 TO 8C 


Stephanodiscus hantzschii 
Cyclotella atomus 



Cyclotella pseudostelligera 


Cyclotella reeaeghiniana 


Others in first li aped eg 
but not In first 2 

Cyclotella stcltiRera 
Frapilaria crotonenslg 
Melosira pranulata 
Velosira italics 
NLtzschia paloa typo 
Synadra ulna 




30,000 


10,000 


g 3,000 

</) 

H 

2 

§ 1,000 

o 


300 


100 L 

J 



all oihcr species 


NO ANALYSIS MADE 


90 100 



Z 0 O P L A H K T 0 N 


Saroplea analysed L8 
Aug. I960 to July 19&L 



Samples 

Average count 


with 

per liter 


Animals 

per sample 

RocLfers : 

17 

34. 2 

Keratella 

16 

10.7 

polyarthra 

13 

8.3 

o.a 

urnchLonus 

4 

Synchaeta 

8 

2. A 

13.6 

Other genera 

Crustaceans. _ , 

noupLli 

3 


cope pods 

1 

0*1 

cladocerans 

3 

0,2 

Netna t ode s 


leO 

Other Invertebrate metazoans 0 


total live PHYTOPLANKTON COUNTS 

Months Average count/nil. HOST ABUNDANT 

June-Sept. _ 607 G ENERA 0 F ALGAE 

Percent frequency of counts 
150 per ml. or nore 
From March ID'bO to Hay 1961 

Green algae 

Scenedesmua 9 

Green flagellates 

Phacotus 4 

Tracheloiaonas 9 

Other pigmented flagellates 
Cbromulina 0 

Diatoms 
Centric 

Cyclotella 28 

Melosira 42 


111 1 J. 

|l 1 1 1 i 1 f_LI i IJ| 

1 1 1 M 1 1 

Stephanodiscus 

28 

A S 0 N D 
(1959) 

iJFMAMJ JASONDI 
(1960) 

J F M A M J J 
(1961) 

Pennate 

Astoriojiella 

14 


Navicula 4 
Nitzschia 4 
Synedra 9 




ARKANSAS RIVER 
PENDLETON FERRY. ARKANSAS 


Caiplea D iflTOWS - PERCENT OCCURRENCE 

/Jl/ 19-J ta uul. 1'5 'jI q 10 20 30 40 50 60 70 80 90 

) — I — I ~ • I ^ ‘ , I ~n I 
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.W4.rn.-J.scu. Mnt.sch.i 


Z 0 0 P L A. N K 1 0 » 

Samples analyzed 13 
July 1960 to July 1961 


’■■■■I ".ira or>"nulAt,\ 

Cvclt'tell.4 nt'iKtniniana 

bynuJi 1 uln 

Sutirt'llil ov.lta 

Nit "SchiA typs 

Nifjciui tryblicnQlla 

StephiTiodisctis madarae 

Ot-era in ^Irat (i 3p«cles 
tut r<-t In fir ,i S 


icn 


MM 




EZEZI 

TELrtTIVE 

ABUNDANCE 

CU 1 


FIRST 

• ■ 1 

E~] 

uZ^ 

13 

SECCAND 

r 

□ 

THIRD 

1 

□ 

FOURTH 


Samples 

with 

Animals 


Rotifers. 6 

Keratella 2 

Polyarchra 4 

Brachlonus 2 

Syncliaeta 0 

Other genera 2 

Crustaceans, 
naupltl I 

copepods 2 

cladocerans 1 


Average count 
per liter 
per sample 

11.9 
0 

0,5 

10.9 
0 

0.5 


0 

0.5 

0 


tleir^todes 5 

Other Invertebrate metazoans 0 


Arfyilffara palii-loas 
KplosSra dlitars var, alulaena 
Na/icila ap 



DIATOMS - SPECIES DIVERSITY 

first 4 host abundant 
r 1 all other species 

[ ] NO ANALYSIS MADE 



M 0 S T 

GENERA 


abundant 

OF ALGAE 


Percent frcqut.ncy of counts 
150 per ml or more 
From May 1959 to May 1961 


Blue -green algae 

Anacystis 3 

Green algae 

Oocyslis 3 

Scunedesmus 3 

Sclonastrum 3 

Strt hocoocus 3 

Green fl.igellates 

Cbl.'imydomonas lO 

Euglena 3 

Tr achelomonas 11 

Diatoms 

Centric 

Cyclolella 32 

Meloslra 16 

Stophanodrscus 24 

Pe nnate 

Amphiprora 3 

Asiorionella 3 

Navlcula 5 

Nitzscliia 11 

Synedra 24 



ARKANSAS RIVER 
PONCA CITY. OKLAHOMA 

frera July I960 to July 1961 | 1 1 — — 


Ultsochla xi^oa. type 
SteplumodlDCUG Iwuitzschii 
Cyclotella meneehinlanQ 
Amphlproi*a paludOBa 
Surlrella brlghtwellil 
IJltzBchla aolculoris 
Suiliella ovata 
Havloula ap 
Gomphonema olivaceura 






^ RELATIVE 




ZOOPLAHKi'OM 

Samples analyzed 22 
July I960 to July 1961 


Samples 

with 

Animals 




others in first !« species 
hut not In Tint 2 
Achnanthes mlnutissima 
Amphijirora alata 
Cyclotella atotmio 
Navlcula canalis 
Navlcula ap. 




RottEers; 
Karate Ha 
Polyar thra 
BrachLonus 
Synchaata 
ocher genera 


Cruscaceans. 
naupllt A 

cope pods 3 

cladocerans 0 

Nematodes 


Average count 
per liter 
per sample 

39.0 
0.6 
0.3 

36.0 

0 

1.4 

0.2 
0. 1 
0 

2.0 



HOST A II U N D A N T 
0 E N E tl A or ALGAE 


Percent frequency of count:: 

lyj pei ml , or :nora 
Fi'on lily 1959 to Iky I96I 


Blue-Ki-een ulc«e 
Acr.anellum 
Anacystis 
A pliani zomeiion 
Go-iplkoopnaei la 
Oseillatoiin 
Pnomidium 

Oieen aleaa 
ActlnastiTEi 
Anl i Etr oJeGEiuB 
Chlo re 1 La -type 
Dlctj oophaei ium 
Colony Inla 
Laforkoiiaia 
fh Cl actinium 
Oocystls 


re-UastiTiri 

5 

Coenodc situs 

24 

Giseu flnL-ellates 


Chlo! njdomonas 

49 

I'ui'lenQ 

5 

IhLachelomonas 

5 

Other pieLiOntel flagell 

Gymnodlnltm 

3 

Perldlhlua 

3 

Diatoms 


Centric 


CoGGlnodiBcUG 

3 

Cyclotella 

73 

[lelosiia 

22 

GtephonocI locus 

39 

Pennata 


Amphiprora 

19 

Gonphoneca 

b 

Ilerldion 

3 

Opaphora 

3 

Ilavicula 

54 

tfltzachla 

54 

Cui'lrella 

32 


ARKANSAS RIVER 
COOLIDGE, KANSAS 


ST-Ltoit'ily jffiipl33 

frji July IJ’jj to July 1961 


^.-.Mrrora paU'^csa 
!.'it3schi.» apicul.Mo 
Synedra ulna 
Jiit^schia palua typa 
t. .vicula bp. 

Surilclla striatula 
tali^neis anphibbaena 
f\iip*iorrt sp. 

Giddulphia l.ievis 
r.'avicula cryptocephala 


DIATOMS- PERCENT OCCURRENCE 
20 30 40 5 0 60 70 80 

T 



zooplankton 

Samples analyzed 20 
July I960 to July 1961 

Samples 
with 
Animals 


Rotifers. 
Keratella 
Polyarthta 
Brachlonus 
Synchaeta 
Other genera 

Crustaceans . 
naupllL 
cope pods 
cladocerans 


mn 


Achnonthes niimtlsaijiia 
Aaphiprora alata 
Havicula ap. 

Hltzschia dentlcula 


Nematodes 

Other invertebrate metazoans 


Average count 
per liter 
per sample 

A. 5 
0 
0 
0 
0 

A.O 

0.5 

0 

0 

2 
0 



most ABUNDANT 
gene R A OP ALGAE 


Percent frequency of counts 
150 per ml . 01 more 


Prom May 1959 to 

May 1961 

Blue-green algae 

Agmenellum 

3 

Aphanizoraenon 

3 

Green algae 

Scenedesmus 

6 

Green flagellates 

Chlamydomonas 

3 

Other pigmented flagellates 

Peridinlum 

3 

Diatoms 

Centric 

Cyclotella 

IH 

Melosira 

3 

Penn ate 

Achnanthes 

3 

Araphiprora 

30 

Amphora 

9 

Calonois 

3 

Cocconeis 

3 

Gomphonema 

9 

Gyroslgna 

3 

Navicula 

02 

Nitzschia 

62 

Pleurosigiua 

6 

Stauxoneis 

3 

Surirelln 

33 

Synodra 

41 



CHATTAHOOCHEE RIVER 
COLUMBUS, GEORGI A 


Senunonthly Sanples 
fron July IptiO to July 196 I 


MeloSira distans 
vnr. alpigena 

Stephanodiscus hant<!Schi± 
Cyclotella stelligera 
Synedra ulna 
Astejrlonella formosa 
Synedra sp. 

Cyclotclla atoiuus 
Synedra pulchella 
Achnanthes sp. 

Cyclotella psoudostelligera 


diatoms- PE RCENT OCCURRENCE 
0 10 20 30 40 50 60 70 80 



I - ~1 POUR III 


Z 0 0 1’ L A N K T 0 H 


Samples analyzed 21 
July i960 to July 1961 


SamplcB 

Average count 

with 

per liter 

Animals 

per sample 

Rotifers. 16 

125.2 

Keratella 15 

25.6 

Polyarthra 13 

37.9 

Brachlonvs 2 

0.1 

Synchaeta 4 

2.2 

Other genera 12 

59,4 

Crustaceans . 

naupltl 6 

3.2 

copepods 6 

1.9 

cladocerans 8 

5.6 

Nematodes 

2.0 

Other invertebrate 

metazoans 0 


Meloeira varians 


Others in first l| spooies 

but ,no^_in__f iMt 2 

Aohnanthcs mlnutlsslma 
Melooira ombigua 
Maloslra granule ta 
Nlteschia op, ^ 

Pinnularia sp. 

Synedra nana 
HoloBirn sp. 
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DIATOMS - SPtiClEb DIVERSITY 

FIRST 4 MOST ABUNDANT 

I I ALE OTHER SPECIES 


1 NO analysis made 


TOTAL LIVE PHYTOPLANKTON COUNTS 
Months Average count/ml. 



MOST abundant 
GCNERA OF ALGAE 


Percent frequency of counts 
150 per ml . or more 
From October 1959 to flay 1961 


Blue-green algae 

Anacystis 3 

Raphidiopsis 3 

Green algae 

Sconu-desnus 9 

Green flagellates 

Chi am yd onion as 9 

Tr ache Lomon as 0 

Other pigmented flagellates 
Chrortiultna IB 

Peridlniutti 3 

Diatoms 

Centric 

Cyclotella 15 

Melosira 15 

Stephanodiscus 15 

Pennate 

Asterionella 3 

Fragilaria 3 

Nit 2S chi a 6 

Synedra 9 



CHATTAHOOCHEE RIVER 
ATLANTA. GEORGIA 


Son^'nonthly SanpLes 
froti July I 9 C 1 O to July 1961 0 

f 

MuloEiia distans 
vaT . alpigena 

Cyclotella stelligera 
Achnanthes mlimtisslma 
Synsclra ulna 
Synodra vaucheriac 
MeloBira varlans 
Navlcula sp. 

Navicula mutica 

Surirella angustata 

Others in Tlrst h spec Lea 
but not in first 2 

Ceratonela aroua 
Cocconeis placcntula 
Cyclotella striata 
Cyisholla Uentricosa 
CyroalEna kutzingii 
Kelosira ambipua 
Stephnnodlscus aatrnea j. 

var. minutula ^ y 

Tabellaria feneatruta 
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DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
I I ALL OTHER SPECIES 

r”"' ' ] NO ANALYSIS MADE 


ZOOPLANKTON 

Samples analyzed 22 
July 1960 to July 1961 



Samples 

Average count 


with 

per liter 


Animals 

per sample 

Rotllers: 

13 

3. A 

Keratella 

8 

1.1 

Polyarthra 

5 

1.0 

Brachlonus 

1 

0 

Synchaeta 

2 

0.1 

Other genera 11 

1.2 

Crustaceans 

nauplil 

3 

0.3 

copepods 

0 

0 

cladoceeans 

3 

0,3 

Nematodes 


0 


Other invertebrate metazoans 



MOST ABUNDANT 


GENERA OF ALGAE 


Percent frequency of counts 
150 per ml, or more 
From June 1960 to June 1961 

Green flagellates 

Phaootus 4 

Other pigmented flagellates 
Chromwlina 9 

Diatoms 

Centric 

Cyclotella 10 

Melosira 13 

Stephanodiscus 4 

Pennate 

Asterionella 13 


J A S Q N 0 
(1959) 


iJFMAMJ JASON 01 
(I960) 


J F M A M J J 
(1961 ) 


COLORADO RIVER 
YUMA, ARIZONA 


Semljiiontlily Samples 
frori July 19i>0 to July 1561 


SynoJi’a tabulala 

Anojioeonels e/ilii, 

Ciu ivella cti Intiila 
lUtrochla mloa type 
Oyclotella inetiGEJilnlana 
bynedia nana 
Frueilarln conctzueuc, 
Ainnhoia cp. 

Aiuphom ovallc 
StephoiuxllLiCUs huiibzcchli 
Ainphlpi'ora alata 
Pleuiooliyia delicatuliun 
Dlatoma vulcaie 
Anphlpvora palulosa 




DIATOMS - PERCENT OCCURRENCE 
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ISEIHI 
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SE 




Othera In first li species 
tut not in first 2 

Cooooneis placontula 
Cymtulla nf finis 
Ilnvicula incoraposita 
Uavicula -jp. 

Synadi Q ulna 
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DIATOMS - SPliCliiS DIVERSITY 
i<if;V,^PI first 4 MOST ABUNDANT 


ZOOPLANKTON 

Samples analyzed 23 
July I960 to July 1961 


Samples 

with 

Animals 


Rottfera; 
Karate 11a 
Polyarthra 
Brachionus 
Synchaeta 
Other genera 


Crustaceans , 
nauplll 7 

copepods 5 

cladocerans 2 

Nematodes 

Other invertebrate metazoans 


Average count 
per liter 
per sample 

2.0 

0 

0 

0,5 

0 

1.5 

1 

0 

0 


ALL arilER SPECIES 
NO ANALYSIS MADE 



tt 0 s T abundant 
GENERA OF ALGAE 


Pei cent fi-equeticy of oounta 
150 per ml. or more 
lYow l!ay 1959 to t'ay 196I 

Blue -Green alaae 

AnneyotiB S 

Go^ipl'oapiineria 3 

Gicen Qlgae 

Ankistrodecinuo 3 
EcGiie( 3 cr.tTUB 5 


BiatciJic 

tontrlc 
Cyclotella 


16 


StephanodlscuB 11 


Peniiato 

ili-iphois 

Ano’noaoneis 

rracilaria 

l-Taviculn 

Nlf’calila 

Jytieiia 


8 

13 

8 

11 

11 

D9 



COLORADO RIVER 
PAGE, ARIZONA 


Senluonthly SsapLes 

from July L9to to JuLy 19ta DIATOMS - PERCENT OCCURRENCE 

0 10 20 30 40 50 60 70 00 90 

f \ I I I I I I I r 


Synedra ulna 


Cyalotella uvereeJiiniana 
Surlrella bi-ichtinslli.t 
Iiavlcula sp> 
burlrella Ciota 
Gonplioijsca cllTaoeuin 
Blddulptila laeviB 
Steplianollacus hant^Bohil 
Fragilarla conBti’ueas 
Epltlienla turglda 
Dlatosa anccps 




mzz 

T ~1 

W 

ra 


REIATIVE ABUNDANCE 



I SECOND 

|- -[ rouRiN 

Otiiora in first ti spec tag 
but not in f3.rst 2 
Colsnais cn):4iiabaatia 
CjTiDolta affinis 
Dlatcne oloieattn 
Epithania sorox 
Niusohia paisa typo 
Rhopalodla gibba 
Synsdra vau char las 


100 

1 

ZOOPLANKTON 


SaiapLes analyzed 18 
July 1960 to July 1961 


Samples Average count 

with per liter 

AniTiials per sample 


Rotifers! 9 2,0 

Keratella 5 0 

PoLyarthra 3 0 

Brachlonue 5 0.5 

Synchaeta 5 2,0 

Other genera 4 1.5 


Crustaceans. 

nauplli 7 1,0 

copepods 5 0 

cladoceraiis 2 0 

Nematodes 0 


Other invertebrate metazoans 0 


MOST abundant 
genera of a L G a E 


Percent frequency oi counts 
150 per ml, or moio 
iVoni Dae. 1959 to iW 1961 

Green Algae 

Ankl strode gliuq 3 

ScenedesHUB 9 

Green flagellateo 

Chlaayuotionao 6 



Elatoju 
Centi lo 
Oyolotolla 
Utephanodlricuo 

Ponimte 
Cyabella 
Dlotona 
Epltheiiia 
Fi'acllarla 
Gomphoneuia 
Navtcula 
Illt-’schia 
Sui li'ella 
Cyiiedvn 


28 

19 


6 

6 

3 

6 

3 

9 

10 


9 


38 


i ~ ] ALL Ori-IER SPECIES 


A M 


t :;:;!... no analysis made 


COLORADO RIVER 
LOMA, COLORADO 


Semlriionthly S.tmples 
fior July i960 to July 

0 

r 

Synedra uliiQ 
floTiphoneua ollvaceum 
Diatcna vulcaie 

Achnfiiitheb niinutloBima 

OittlrollQ ovata 
Cyclotella uieiioChiulana 
CyiiiboUa ventrlcosa 
C*ocGonela plucoatula 
Dtddiaphia laevia 
Platon eloncatiim 


DIATOMS - PERCENT OCCURRENCE 



ZOOPLANKTOtl 


SatnpLee analyzed 19 
July I960 to July 1961 

Samples 
with 
Animals 


Average count 
per liter 
per sample 





THIRD 

I n POUilTH 


Others in first U speclos 
but not In first 2 

CocconelB placentula 
Cyrobella sp, 

Navlcula canalla 


Rotifers; 
Keratella 
Polyarthra 
Brachionus 
Synchaeta 
Other genera 

Crustaceans; 
nauplii 
cope pods 
cladocerans 


Nematodes 

Other invertebrate metazoans 


0.6 

0 

0 

0 

0.6 

0,6 

0 

0 

0 

1 

0 


most abundant 
genera op algae 


rai'cent frequency of oounto 
150 per nii or nora 
From tiny 1959 1° lfa.y 1.961 
Bluo-gi'een Bigno 

Anaaystle 2 

Glean. alBoe 

Te trade crnuG S 



DJatontJ 

Oantria 

Cyclotella 

StepbanodlscuB 

I’ennate 
AoJmnntUeo 
Caccor.elo 
CycibellQ 
Diet ora 
Fragllaria 
Oompborietna 
Ilaytaula 
llit^Bchla 
Surlrella 
Eynedra 
ntauronels 
Opaphora 


iO 

5 


22 

15 

% 

1 

19 

I'} 


ALL OTHER SPECIES 


[ NO ANALYSIS MADE 


COLUMBIA RIVER 
CLATSKANIE, OREGON 


£cni;i:.-l“.‘uy 

fi-jj July 1‘ t/) to July l?ol 

0 

r 


diatoms - PERCENT OCCURRENCE 
in ?n .^0 40 50 60 70 

-1 1 1 r r i r 


80 

n 


- '.lirn 

f’i ■- cllarl-i crct.".! 'ic 

;!• 1^-11',. 1“ ciyiili 1 


, I 1 

-□ 




c It-illc-i 

mn 

J hF.IJVTIVE ABUNDANCE 

rell, icinrc:i 

;n 







fipsr 

Ci'.jtl'-- 1-"- 







t '<-'v ’ 1'' 



•a .-iVUia'tu 

PS] 








THffiD 

M -.tii-l!:- 3 

wji 

1 

1 

TyiRTH 


ZOOPLANKTON 


Samples analyzed 22 
July 1960 to July 1961 


Samples 

with 

Animals 


Rotifers. 13 

Keratella 11 

Polyarthra 9 

Brachlonus 5 

Synchaeta ^ 

Other genera 6 

Crustaceans 
nauplll 7 

copepods 8 

cladocerans 8 


Average count 
per liter 
per sample 

A6.8 

23.0 

12.0 
2.7 
0.6 
8.5 


1.0 

0.6 

1.0 


Nematodes 


0 


Other Invertebrate metazoans 0 


Others In first 6 apeclea 
_ first 2 

Pragllarla construens 
Meloslra anblgua 
Heloaira granulaU 
Stephnnudlacua aslraea rar, nlnutula 
Synedra ap. 



DUTU^S - SPECIES DIVERSITT 

FI.V.I Ji HOST ABUNDANT 

( I ALL OTHER sreCIES 

r " \ NO ANALYSIS RACE 


TOTAL LIVE PHYTOPLANKTON COUNTS 



MOST ABUNDANT 
GENERA OP ALGAE 


Percent frequency oC counts 
150 per ml, or more 
Prom May 1959 to May 1961 


Blue -green algae 


Anacystis 

3 

Phormldium 

3 

Green algae 


chlorella- type 

3 

Stlchococcus 

6 

Diatoms 


Centric 


Cyclotella 

19 

iieloslra 

32 

Stephanodlscus 

31 

Pennate 


Achnanthes 

6 

Asterlonella 

19 

Fragilaria 

25 

Navlcula 

9 

Synedea 

19 

Tabellarla 

6 


COLUMBIA RIVER 
BONNEVILLE, OREGON 


SGtiLROntnly Sanplas 
frm July I 960 to July 196I 

O 10 


DIATOMS - PERCENT OCCURRENCE 
20 30 <^0 50 60 70 80 

“1 I r — 1 I I r 


90 100 

n 1 


ZOOPLANK TOt: 


Cjjr>eilro ulna 

Otei? 1 ianodi<jouo hant=schll 
rVasUarla copueina 
rrocilcu'ta ctotonencla 
Ifelonlra Italica 
Aetei’iouella Ton loaa 
Taliellaria feneGti-atn 

Jjteplmnodiccuo aatiaea 
vnr, Bilnutula 

liiloolzn tunbleua 

Moloslra granulata 





□ 


Samples analyzod 21 
July 1960 to July 1961 



Samples Average count 
with per liter/ sample 

An Ltna 1 s 





Rotifers 

10 

18.9 



Keratella 

IC 

12.0 

RELATIVE ABUNDANr" 

polyart lira 
iJrachlonus 

6 

6 

3.0 

0.8 

— i 

FIRST 

Synchaeta 

Other genera 

) 

8 

0,6 

3.3 


StiCOND 

Crustaceans : 




nauplll 

3 

0 


THIRD 

copepods 

2 

0 


cladocerans 

2 

0 

r 1 

FOURTH 

Other Invertebrate 

metazoans 0 


tl 0 S T A 118 NDANT 
GENE R _A Q F A L G A C 

Sciuont fi'etiuency oJ countc 
llO per ini. 01 roi'e 
IiQU 'V I 9 S 9 to ['a/ 1961 

Dlue-i::roen alrae 

/maeystls 3 

PhoraidiiiLi 6 

Diatons 


Nltzachil dlsaipata 



Centric 

Cyelotelln 23 
ifeloGira ^ 
SteplianodlGCua 29 


I'ennote 


A duiantlieo 

3 

Actcrionella 

31 

Diatom 

3 

FiacllariQ 

29 

Faviculn 

11 

tfltzBchia 

C 

SjneJrQ 

29 

Tobello'. 'a 

11 



COLUMBIA RIVER 
PASCO, WASHINGTON 


3ert".0'ttiily SinplDs 
froi Jai.> I'Jto to July 19a. 

pragilari.i crotonensis 

Valosira varians 


OIATOMS-PERCENT OCCURRENCE 
0 lO 20 30 40 50 60 70 

( 1 1 I I I 1 I 



80 


90 


ZOOPLANKTON 

Samples analyzed 19 
July 1960 to July 1961 


Tabellaria fenestrata 


1^1 


'‘olosira italica 


HZ] 


Achnanthes ninutissina 


^ RELATIVE ABUNDANCE 

Astcricnella fornosa 


] PHH 

FIRST 

Stephanodiscus hantzschii 


1 MM 

SECOND 

Fragilaria capucina 

m ■_] 


THIRD 

Others In Ilrst ii species 


1 ■■ 1 

FOURTH 

tut not In first 2 





Samples 

with 

Animals 


Rotifers. 14 

Ke rate 11a 6 

Polyarthra 1 

Brachlonus 2 

Synchaeta 3 

Other genera 8 

Crustaceans, 
nauplll 2 

copepods 2 

cladocerans 1 


Nematodes 


Average count 
per liter 
per sample 

3.9 

0,8 

1.0 

0 

3.9 

3.1 


0 

0 

0 

0 


Other invertebrate metazoans 0 


Mltjschla dlaslpata 
tlltiachla sp. 



DIATCm - SPECIES DIVERSITY 

FIRST 4 HOST ABUNDANT 
I I ALL OTHER SPECIES 

r!""’ ' ) NO ANALYSIS MADE 



MOST ABUNDANT 
GENERA OF ALGAE 


Percent frequency of counts 
150 per ml. or more 
From May 1959 to May 1961 


Blue-green algae 

Phormidium 3 

Diatoms 

Centric 

Cyolotella 6 

Melosira 31 

Stephanodiscus 11 

Pennnte 

Achnanthes 9 

Asterionolla 31 

Fragilaria 14 

Nit.'sohia 9 

Synedra 23 

Tabellaria 34 



COLUMBIA RIVER 
WENATCHEE, WASHINGTON 

Semimontiily Saraplas D I ATOMS - PERCENT OCCURRENCE 

fron July 1?60 to July 1961 0 10 2 0 30 40 50 6 0 70 8 0 90 


Tabellaria fenestrata 
Fxagilaria crotoriGnsis 
Achnanthes minutissima 
Melosira italica 
Melosira varians 
Asterionella formosa 
SynGdra ulna 

Stcphanodlsciis hantzschii 
Melosira granulata 
Nitzachia sp. 


OtUors In first li spooioa 
but not in first 2 

Actinanthas sp. 

FraRilarin cJpuclna 


RELATIVE ABUNDANCE 


THIRD 50,000 


E 3,000 


z 

g 1,000 

o 




DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
l~ I ALL OTHER SPECIES 


ZOOPLANKTON 

Samples analyzed L7 
July L960 to July L961 


July L960 to July L961 

Samples Averag 

with per 

Animals per 


Average count 
per liter 
per sample 


Rotifers: 8 3, 

Keratella 6 1, 

Polyarthra 1 0 

Brachionus 0 0 

Synchaeta 1 0 

Other genera 8 2, 

Crustaceans; 

nauplll 1 0 

copepoda 0 0 

cladocerana 2 0 

Nematodes 0 

Other invertebrate metazoans 0 



most abundant 

genera o f algae 

Fercent frequency of counts 
150 per ml. or mote 
From Nay 19S9 to May 1961 

Diatoms 

Centric 

Cyclotella 7 

Melosira 10 

Pcnnate 

Achnanthes 10 

Aetorionella 31 

Fragilaria 7 

Nitzschia 3 

Synedra 14 

Tnhellaria 45 


, Ll m i ij i ij i j_i 11 LmylJ ij u 

JASON Old FMAMJ JASON D' J F M A M J J 
(1959) (1960) ( 1961) 


J NO ANALYSIS MADE 







DELAWARE RIVER 
PHILADELPHIA, PA 


MOST AB UNBAN T 


52rplJ3 

'1 JuV 19 July 

Syr*; ira ulri 


DIATOMS- PERCENT OCCURRENCE 
to 20 30 40 50 60 70 80 90 

T 


too 

1 


Kclo-tra ^ariarn 




Cyclo’-flla Etriata 
(I'racdch) 

Sj.T‘’'3ra vs.chtriaff 


CoECirfriiscuE (icrianuo 
(fcracldth) 

^chr.ar.thoE rlr«tis3ir^ 


n : j 

HIM 


Pelnrira asblfoa 


but rnt In first 2 


AstericroUa foTODCa 
ryclf,t€lln ror,eE:hiniana 
Cocccnels placentula 
Kltz'‘chifl calra tyj;e 


RSLMIVE ABUNDAliCE 
FIRST 
<) SECOND 
third 

r " " FOt/HTH 


ZOOPLANKTON 


Samples analyzed 18 
July 1960 to July 1961 


Samples 

with 

Animals 


Rotifers. 6 

Keratella 2 

Polyarthra 1 

Brachlonus 1 

Synchaeta I 

Other genera 5 

Crustaceans, 
nauplii 0 

copepods 0 

cladocerans 0 


Nematodes 


Average count 
per liter 
per sample 

9.0 

0, 

1.0 
0,8 
0 

7,2 


0 

0 

0 

1.0 


G E N C R A OF ALGAE 


iei'oein, fieqiiency of ooimir. 

150 per nil. oi nuiiG 
IVoai ilay to I lay lyGl 

Itlue-erGen EQ.(^e 

Aiiacystla iL 

Ureeii nlcae 

Actlnafiti-un j 

A/( 11 c,(,ioJg£iiieu.' 5 

Cliloi e Ua -type 
OoGyatlu 

ocencdeopius 3,I| 

Cieen flac-ellates 

SilainydonionaB 'j 

Other pleuienteU I'laceliuten 
Oaramcnas ^ 

DiatoBio 

'tenti'ic 

oYalotella 

/'eloDira 10 



DIAICHS - SPECIES DIVERSITY 
G':'.'L.Cr".'"l FIRST d MCST abundant 
r 1 all other species 

t 1 NO ANALYSIS HALE 


Other Invertebrate metazoans 0 


TOTAL LIVE PHYTOPLANKTON COUNTS 



Feniiate 

Aslarlonella 5 

lY-aGllarla 5 

□otnphonecia ;> 

tiavlaula 5 

Synedra 5:? 


DELAWARE RIVER 

MARTINS CREEK, PENNSYLVANIA 


Semimonthly Sanplee 
frcn July i 960 to July 1961 

Achnanthos minutxssima 
Mclosira varians 
Syneclra vaucheriao 
Dintoma viilgarc 
Cymbolla vontricosn 
Syneclra ulna 
Astorxonolla formosa 
Ceratoneis arcus 
Nitiischin paloa typo 
Cocconois placentula 
Achnanthos sp. 


diatoms- PERCENT OCCURRENCE 
0 10 gp 30 40 50 60 70 



ZOOPLANKTON 

Samples analyzed 23 
July 1960 to July 1961 






RELATIVE ABUNDAtlCE 
FIRST 
SECOND 


third 

f I FajRTii 


Samples 

with 

Anlttials 

Rotifers: 16 

Keratella 10 

Polyarthra 5 

Brachlonus 1 

Synchaeta 5 

Other genera 12 

Crustaceans : 
nauplil 2 

copepods 3 

cladocerana L 

Nematodes 


Average count 
per liter 
per sample 

6.3 

1.6 

0.6 

0 

0,6 

3.9 

0. 1 
0.1 
0.1 

2 



HOST ABl/NDrtNT 


GENERA 


0 F 


ALGAE 


Percent frequency of counts 
150 per ml , or more 
From May 1939 to May 1961 

Green algae 

Scenedesmus 6 

Green flagellates 

Chlamydomonas 3 

Chlorobranchis 3 

Other prgmented flagellates 
Chromulina 3 

Diatoms 

Centric 

Cyclotell.a 6 

Mel os lx a 9 

Stephanodiscus 3 

Penn .ate 

Achnanthes 6 

Asterionella 16 

CeratoneiE 6 

Cooconeis 3 

Cyrahella 13 

Diatoma 16 

Fr.agilaria 6 

Navicula 6 

Nit/schi.a 3 

Synedra 15 


GREAT LAKES, LAKE ERIE, NIAGARA RIVER 
BUFFALO, NEW YORK 


Semimonthly Samples 
fra* July i 960 i® July 1961 


liolOfllra bird.erana 
Fragilarla capuclm 

StepliaiioUi acuta nlagarae 

Stephanodlacua aatmea 
var. nliiutula 

Tabellarla fanectrata 

li'agilaaln crotonenals 

I'jragilarlo ap. 


Othoi's la first )i species 
but not In first 2 


- PERCE MT OCCURRENCE 
40 50 60 70 80 



ZOOPLAHKTOH 

Samples analyzed 23 
July 1960 to July 1961 


Aaierlonella forinosa 
Dlatoma vulKiire 
Fragilai-la construens 


relative abundance 

FIRST 
SECaND 
THIRD 



Samples 

Average count 


with 

per liter 


Animals 

per sample 

Rotifers 

23 

66.1 

Keratella 

23 

27.5 

Polyarthra 

20 

30.0 

Brachionus 

4 

0.6 

Synchaeta 

3 

l.O 

Other genera L8 

6,9 

Crustaceans : 

nauplll 

11 

A. 5 

cope pods 

11 

3.5 

cladocerans 

10 

4.9 

Nematodes 


1.0 

Other Invertebrate metazoans 0 




tt 0 S T abundant 

ALGAE 


GENERA OF 



I’ei'cent fietiuency of counts 
li)0 per ml. or more 
I'^on Jlay 1959 to Fay I 96 I 

Diatoms 

Centric 

Gyclotella 5 

tleloslra 7 

GtepliuiiodlccuB 17 

Pennate 

Asterlonelln 2 

Dlatona 2 


4 ^ 



GREAT LAKES, LAKE HURON, DETROIT RIVER 
DETROIT, MICHIGAN 


Seralnonthly iaiiples 
from July i 960 to July 1901 


10 


DIATOMS - PERCENT OCCURRENCE 
20 30 40 50 60 70 80 

' — I — I — ^ — r 


lVacil<ii'la crotonenole 
TatellarlQ fenestiata 
Pragllnria conoti-uens 
Cyclotella kutzlnglana 
Diatom eloncatum 
Praglloila capuoiiia 
Fi-agilarla plnnata 


Othoi’s In first It npecltss 
but not in first 2 

Astorlonolla formosa 
Cyclotolla corata 
Cyclotella ocollatn 
Uoloslra Islandlca 
Uelosira varlajia 
Syncdra acus 
Synodra ulna 




90 

T" 


100 

-1 





Z 0 0 P L A t) K T 0 H 

Samples analyzed 23 
July I960 CO July 1961 


Samples 

with 

Animals 






' I \ 


RotiCers: 
Keratella 
polyarthra 
Brach tonus 
SynchaeCa 
Other genera 

Crustaceans • 
nauplii 
cope pods 
cladocerans 


19 

14 

4 

4 

5 

13 

6 

13 

4 


Nematodes 

Other Invertebrate metazoans 


Average count 
per liter 
per eatnple 

6.3 

3.4 
0,9 
0.8 
0.4 
0,8 

0,6 

0 . 9 
1.9 

1. 

0 


DIATQ'IS - SPliClCS DIVERS ITV 

first 4 MOST ABUNDANT 


1} ALL OTEER SPLCIKS 


most abundant 
genera of ALGAE 



I’erceiit i'req.ttency of cowite 
15u per cil. or :rcire 
fi’c^n I 'ay IS'S':) to Efay 1561 

Diatoms 

Oeiitrlc 

L-Velotella 5 

Steplinuodls cue 5 

Peimate 


AGterlor.ella 

17 

Dlatoisa 

17 

FrnGllarla 

12 

Syiisdra 

12 

Tat ell aria 

10 


] NO ANALYSIS MADE 






GREAT LAKES, LAKE HURON. ST CLAIR RIVER 

PORT HURON, MICHIGAN zouplawkton 


Scmiincathly Saraplas 
frsn Julr to July 196L 0 

r 

Ftagil^ria coiistiuuns 
Fragilaria ctotononsis 
rabellacaa fonestrata 
riagilaria pinnnta 
Cyclotella ku toeing Lana 


DIATOMS - PERCENT OCCURRENCE 
10 20 SO 40 50 60 70 80 

T 



Amphora ovalla 
Cyclotella ocallata 
Dlatoma clongatum 
DlatoiLa vulgara 
Fragilaria leptostauron 
Synedra acua 


RELATIVE ABUMDAL’CE 





FIRST 

Cyclotella sp. 


SECOND 

Others in firat li apecies 


iZTzrri 

THIRD 

hut not In first 2 



Achnanthos aiautissina 


L'."' 1 

FOURTH 


Samples analyzed 24 
July L960 to July L96L 



Samples 

with 

Animals 

Average count 
per Liter 
per sample 

Rotifers; 

20 

22.2 

Ke racella 

14 

12.0 

PoLyarthra 

9 

4.5 

Bracbionus 

5 

0,5 

Synctiaeta 

4 

0.5 

Others 

16 

4.7 

Crustacea : 

NaupliL 

IL 

2.3 

Copepods 

16 

6.1 

C ladocera 

IL 

2.3 


Othetr invertebrate metazoans 0 


most abundant 
genera of algae 


percent frequency of counts 
150 per ml. or more 
From May i960 to May 1961 



DIAraiS - SmCICS DIVERSITY 

FIRST 4 MCST ABUNDANT 
I I ALL OTHER SPECIES 



Diatoms 

Centric 

Cyclotella 

Stephanodiscus 

Penn ate 
Asterloneiln 
Dintotna 
Fragilaria 


4 

4 


8 

4 

13 


li';'i';,',iT Ll NO ANALYSIS MADE 



GREAT LAKES, LAKE MICHIGAN 
GARY, INDIANA 


Sanljnonthly Sarnplaa 0 
fi-om Juiy 15U) to July I961 p 


Diatoms - percent occurrence 

JO 20 30 40 50 60 70 80 

1 r ^ T T I — ^ — I 


ZOOPLAIJKTON 


TabellorlQ ienootrata 
Pi'atjilariQ oi'otonenalo 
StephaiiodlBcUG hantzcohil 


Ijslosira islandloa 



ISsloolra blnderaua 


^vI:;::k3 

Asterlonella l'orpiOL,a 


1 

Cyclotella hut 'itiglEuia 

iiK \'iiii.. ■.■. t 

CtoplionodiscUB astraea 



voi’, inluutula 





REUTIVL ABUMUl.c:: 

FIRST 

V< < SECOND 

[7.. ■ : '77'^ THIRD 


I] FOURTH 


Samples analysed 21 
July 1960 to July 1961 



Samples 

Average count 


with 

per liter 


Animals 

per sample 

Rotifers i 

17 

16.2 

Kecatella 

11 

6 , 8 

Polyart hr a 

5 

0.7 

Brachlonus 

5 

1.6 

Synchaeta 

2 

0 

7.1 

Other genera 15 

Crustaceans; 

nauplll 

6 

0 

copepods 

7 

0 

2.7 

cladocerana 

6 


Obhors In first Ij speclos 
but not In first 2 


Cyclotolla comta 
Diatoms vulgsro 
Fragllarla capuolna 
Frcgilarla sp. 
Ucloaira arabigua 
Synodra ulna 


v/ 




V 

's 

■s 


DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
(7 I ALL OTHER SPECIES 


nematode B 

Other Invertebrate inetazoans 



E 7 


J NO ANALYSIS MADE 


MOST ABUNDANT 
GENERA OF ALGAE 


Percent frequency of count: 
150 par tE, or rvjro 
TTon I'ay 1959 Miy 1961 

Blue-green tQgiie 


AjiacybtlG 

3 

Green algae 


Oocyfltlo 

3 

Dlatomc 


Centrle 


Cydotella 

25 

tialoolra 

56 

Ril^soaolenla 

3 

E t ephxinoli B cue 

El 

rennate 


AEtorionBlla 

li6 

Dlatoma 

3 

Frag liar la 

18 

Nltzechla 

3 

Syii&lra 

32 

Taballarla 

5'i 



GREAT LAKES, LAKE MICHIGAN 
MILWAUKEE, WISCONSIN 


j:i tnly Sfc'ul'a 
frco Jjly 19rd to July l?c>l 


DIATOMS-PEfiCENT OCCURRENCE 
10 20 30 40 50 60 70. 

-1 1 T i i I 


crotonorsis 

ri'losirii islandlca 

Tabellr.ria fenestrata 

Steph vnodiscus hantzscbii 

Fragilaria pinnata 

Stophanudiscus astiaaa 
var. rainutula 

Diatona elangatun 
Velosira binJerana 
Fragilaria viri-scGns 
Synedxa acus 




20 

m: 


o: 


reutive abundance 

SECOND 

t v; ' ' 'S ,~ ) lElIHD 

[ I fourth 


60 

"1 


2 0 0 P L A N 

ETON 

Samples analyzed 19 

July 1960 

to July 196 L 

Samples 

Average count 

with 

per liter 

AQlmals 

per sample 

RoClfers: 16 

8.3 

Keratella 11 

2,2 

polyarthra 5 

2.2 

Brachionus 8 

1.1 

Synchaeta A 

0.7 

Other genera 13 

2.1 

Crusraceans 


nauplii 9 

2.1 

copepods 13 

2,9 

cladocerans 6 

0, 8 

11 ema Codes 

0 


ocher invertebrace metazoans O.S MOST ABUNDANT 

GENERA OF ALGAE 


Fragilaria leptostauron 

Otnera in firtt li apeates 
but not in firot 2 


Percent frequency of counts 
L50 per ml, or more 
From Sept, L960 to Sept. L96L 


Asterionolla foraoaa 



Diatoms 


Centric 


Cyclatella 

15 

HeLoaira 

15 

SCephanodiscus 

55 

Pennate 


Pragilarla 

10 

Synedra 

20 

Tabellarla 

10 


GREAT LAKES, LAKE SUPERIOR 
DULUTH, MINNESOTA 


beraimonthly Satiploa 0 
Crai July i 960 to July I 96 I T 

Mcjloslta islandica 
Tabellaria fencstrata 
Synedra nana 
Stephanodiscus sp. 
Stephanodiscus hantzschii 
Cyclotella kutzinglana 
Stephanodiscus dubius 


DIATOMS- PERCENT OCCURRENCE 
10 20 30 4 0 50 60 



Cyclotella sp. 


Asterionella formosa 


Stephanodiscus astraea 
var, minutula 


Melosira granulata 


Fragilaria crotonensis 


Synedra vnucheriae 



RELATIVE ABUNDANCE 
first 
second 
third 

I I FOURTH 


ZOOPLAHKTOH 


Sajnples analyzed 2 l| 
July i960 to July 1961 


Sajaplos 

Average count 

vLth 

par liter 

An In ala 

per sanplB 

Rotifers : 

8 

1.3 

Kora tell a 

8 

0.3 

Po Lyar chra 

1 

0 

Brachionus 

0 

0 

Synch a eta 

2 

0.2 

Others 

5 

0,8 

Crusiaceajisi 



nnuplll 

3 

0,3 

cepepeds 

I 4 

0,3 

oladoeerana 

2 

0.2 


Other Invertebrate F.etaaoana 0 


Others In first I; spociea 
but not in first 2 


Cyclolalla comta 
Cyclotaila ntolllgora 
Fragilarla sp, 
Ueloslra amblf" 
Rhizosolonla c 
Synedra acus 
Synedra sp. 




M 

s 


''J 


\ 


\i 

I 


iifr ' 

DIATOIS - SPECIES DIVERSITY 


TOTAL LIVE PHYTOPLANKTON COUHTS 



there i’fERE KO GENERA OF 
ALGAE WITH COUHTS OVER 
150 per ml. 


FIRST 4 MCST ABUNDANT 

r* n all ODIER SPECIES 

no analysis made 



GREAT LAKES, LAKE SUPERIOR, ST MARY'S RIVER 
SAULT STE, MARIE, MICHIGAN 


Se^i^'onthly Sanplea 
ffon July 1900 to July 196I 

Tabellaria fenestrata 
Fzagilarla crotonensis 
Achnanthes nanutissina 
Ftelosira Islandlca 
Achnanthes sp. 
Cyclotella kutaingiana 
Synedra sp< 

Cyclotella conta 
Synedca acus 
Synedra ulna 


oiatoms-percent occurrence 

0 10 20 30 40 50 6 0 7 0 8 0 90 TOO 

1 1 1 1 1 \ 1 1 1 P 1 



1 ^ SECOND 


m third 

fe^>3l I I FOURTH 


ZOOPLANKTON 


Samples analysed 23 
July i960 to July 1961 


Samples 

with 

Animals 

Rotifarsj 15 

Keratella ll, 

Polyarthra 6 

Brachionus 3 

Synchaeta Jj 

Other eenera 9 


Average count 
per liter 
per sa mple 


7.7 

Z.J 

l.J 

0.1 


Others in first J* species 
but not In first 2 

Aephiphora o valla 
Aster lonella formosa 
CoBconels placeotula 
Cyclotella glomerata 
Cyclotella sp. 

Cysbella sp. 
fVagilaria oonatruens 
Rhlsosolenla erlenils 
Stephanodlscus hantzschli 
Synedra nana 
Synedra sp. 


Oruetaceansi 
nauplil 5 

copopods 6 

cladocerans 3 


0.9 

0.9 

0.2 


Other invertebrate izotazoa 0 



ALL OTHER SPECIES 


THERE WERE NO GENERA OF 
ALGAE WITEl COUNTS OVER 
150 per ml, 


3 NO ANALYSIS MADE 



HUDSON RIVER 
POUGHKEEPSIE. NEW YORK 


Seailmonthly Saiples 
fron July i960 to July I961 

Holosira fpranulata 

Meloalra tanbieua 

Cyclotella striata 
fbrnoklshll 

Coscinodiscus denanuB 


10 


DIATOMS- PERCENT OCCURRENCE 
20 30 40 50 60 70 SO 




90 

~r 






' I 


cinodiscus 
(brackish) 

Syneclra ulna 

Cyclotella moneE^iiniana 

Stophanodiscus hantzschil ] 

Hnvlcula peroRTlna 
(brackish) 

Diatona vulcare 

Othcra in first U spooies 
but not in first 2 

Holosira distans var» nlpipona 
Molooira varians 


f9 

'Jo 




60 

y 


RELATIVE ABUNDANCE 
I FIRST 
I SECOND 
i riiiRD 


FOURTH 


100 


MOST ABUNDANT 
GENERA OF ALGAE 




Percent frequency of 

counts 

Z 0 0 P L A 

tJ K T 0 N 

150 per ral . or more 



From May 1959 to May 

1961 

Samples 

analyzed 22 



July L960 

to July L96L 

Blue -green algae 


Samp les 

Average count 

Anaoyatls 

3 

with 

per liter 



AnlmaLs 

per sample 

Green algae 


Rotifers 17 

8.0 

ScenedeBnub 

t> 

Keratolla 11 

2,1 

Tetrastrum 

3 

Polyarthra 3 

0,2 



Braohlonus 4 

0.2 

Dratoras 


Syncliaeta 2 

0.1 

Centrac 


Other genera 14 

5.4 

Coscanodascus 

0 

Crustaceans ' 


Cyclotella 

26 

naupLlt 7 

0,6 

Meloslra 

31 

cope pod 3 5 

0.6 

Stephanodiscus 

3 

ckaclocerans 5 

0,6 



Nematodes 

2 

Pennate 


Other Invertebrate 

metazoans 0 

Syne dr a 

9 


TOTAL LIVE PllYfO PLANKTON COUNTS 


■'ifA.A b 

DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
1 ] alL OTHER SPECIES 

r 7' .. H no aiialysis made 


Months Avetage count/itil, 




ILLINOIS RIVER 
PEORIA, ILLINOIS 

^enlsoDthly San pies. 
frtM July 1960 to Jwly 1961 0 


DIATOMS - PERCENT OCCURRENCE 
10 20 30 AO 50 60 70 80 

1 f 1 


7- 


T 


90 

~1 


Stcihanodl' cus tent^sclill 
; isle Sim -iv-bicui. 
Steiaicnoiii''cu:: nlettrjje 
Ojclotalla rjjiechinlsnc 
Synedm tiliuL 
As^tsrioneUa forcio:;" 
Totoll&iia ferieEfcrata 
'felosira "viirlajis 
Stirlrelln ovata 
’iit?sehl-a jalea type 




Z OOPLAMK'CON 

Samples analyzed 21 
July I960 to July 1961 



Rotifers. 
KerateLLa 
Polya rthra 
Brachionus 
Synchaeta 


Samples 

with 

Animals 

19 
14 
13 
4 
12 


RELATIVE ABUNDANCE 
I^7RST 

second 

WIRD 


other genera 17 


Crusraceans: 
naupLli 
cope pods 
cladocerana 


10 

S 

3 


Nematodes 

Other Invertebrate metazoans 


Average count 
per liter 
per aample 

242,2 

84. 

52. 

33. 

11 . 

85. 

23. 

7. 

A. 

2 . 

0 



HOST A ]> U N D A N 1 
GENERA OK ALGAE 


Percent lre<iuoiicy oT counts 
15D per ml. or more 
Pi oil thrcli l<y,Q to tUy 

i'Tne-(T.con ali^no 

AiiiiuycllD 0 

nmnnlfllmi If 

Craoii al(,*ne 
ActltunUnui 
AiiVlutroileBiiiua 
flilorollti-typo 8 

(Tilorocoociun If 

Oolonltln la IT 

Mlcraotliii«i'i 0 

ScQimdowmiB TO 

Woiftella If 

Orcon flnf;ellatoit 
tTilamyilomonafl YV 

I.Tifllena 

Qonluia 4 

lapooliioHo 0 

‘I'racholouioiiait 46 

Otlier plO'ionlel flaf:oHatou 
(Tuoiiiullim 33 

DIotomi) 

Centric 

Cycloteiln ;>0 

Holoelra lig 

SteiihanocllocWf 9;' 

IVnnato 
Aotoi'lciiella 
Dlatoiw 13 

l\n(5llai-la If 

C>or5)honPMa 4 

fiavlcula 13 

lUti'Bchla ^0 

SurlroUa (3 

Synedrn 33 




”~l Mrt ft MAI VCTC MAnn 


KANAWHA RIVER 

WINFIELD DAM, WEST VIRGINIA 


ZOOPLANKTON 


SommontJily Samples 
from July to July 1961 

Cyclotella pseudostelllgera 

Achnanttics nlnutissima 

Stophanodiscus hantzschii 

Cvclotella neneghiniana 

Cyclotella stelligera 

Navicula £>p. 

Dlatomn vulgare 


DIATOMS-PERCENT OCCURRENCE 

0 10 20 30 AO 50 60 70 

1 1 1 1 1 1 1 1 



1 

n 

RELATIVli ABUNDANCE 
PIRSX 


Samples aaaLyzed 2L 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers. 5 

Kera tells 1 

Polyarthra 1 

Btachlonus 2 

Synchaeta 0 

Others 2 

Crustacea; 

Nauplll 0 

Cope pods 0 

Gladocera 0 


6.1 
O.l 
0. L 
0.1 
0 

5,8 


0 

0 

0 


Mcloslra varians 
Synod r a ulna 
Navlcula cryptooephala 




SECOND 

THIRD 

FOURTH 

30,000 


Nematodea L 

Other Invertegrate metazoans 0 


OUiora In first It apaoles 
but not In first 2 



HOST ABUNDANT 
GENERA OF ALG AE 


Percent frequency of counts 
150 pet m.1, or note 
From February 1960 to May 1961 


Green algae 

Ankistrodesmus 7 

Chlorococcun 3 

Scenedasmus 3 

Stigeocloniun 3 

Green flagellates 

Ch lamydomoraas 1 1 

Other pigmented Flagellates 
Chromultna 3 

Diatoms 

Centric 

Cyclotella IS 

Stephanodascus 7 


NO ANALYSIS MADE 


KLAMATH RIVER 
KENO, OREGON 


S^L-onthly Satpies DIATOMS - PERCENT OCCURRENCE 

WOfonbap I960 to JuXy l<i 61 n 10 ^0 30 40 50 60 70 80 

I i 1 1 1 1 ! I r 


Stephanodistus h«'-ntzschii 
constiuens 




90 10 0 


ZOOP LAMKTOK 


Samples analyzed 18 
Hqv. I960 to August 1961 


Samples Average count 

with per liter 

Anxmals per sample 


Pragiluria bruvistriata 
SytiK-dta ulna. 


□ 


Others In first 1| spec lea 
but not in first 2 

Fxngllarla caprairm 
Slsloalra aabigua 
tltischU lan^eolatn® eroup 
Stephan: ditcua (hhlua 
Stephancdlacus niaf^arae 
Stephanodilscua niaparae var, raquifica 
Stephan: 113013 ap. 


yJsm 


/ 

V 


■/' 


.. f 

I 


■ f. 




REUTIVE ABUKDAKCE 
FIRST 








Zl 


SECOW 

THIRD 

FOURTH 


I 

\- 




\ 

N., 


V 






' '' V 






. . 'n. / 


diatoms - SPECIES DIVERSITY 


ROTIFERS 

18 

161.3 

Keratella 

17 

39.8 

Polyarthra 

13 

39.8 

Brachtonua 

14 

28.2 

Synchaeca 

10 

2.1 

Other genera 

15 

51.4 

Crustaceans . 

nauplll 

8 

7.8 

copGpods 

7 

2.9 

cladocerans 

4 

2.3 


Nematodes 0 

Other j-nvercebrate metazoans 0 


M 0 S T ABUNDANT 
GENERA O F ALGAE 

Percent frecjuuncy of counts 
150 per ml . or more 
Prom Nov. 19oO to August 1961 



Hluu-greon ulgne 

An.icystis 16 

Phorinldium 5 

Cl con nigau 

DlctyosphaoriUra 11 

Sccneclesmus 11 

Green f lugGll.ilQs 

Chinmydomonas 5 

Trachelomonus 27 

Other pigmented flngollales 
Ctixoinulinu 11 

Dintoma 

Centric 

CyClotulld 11 

Melos ir.i 5 

Stuphnnodiucus 100 

Pennnle 

Asterionollu 5 

Cyinhullu 5 

Dintonu 6 

Pr.igiL.ai’lu 61 

Naviculu Is 

Nitaaclila 27 

MirlreUn 5 

Synedra 16 


first 4 MOST ABUNDANT 

\1~Z " I all other species 


little MIAMI RIVER 

CINCINNATI, OHIO 

Semimonthly Samplsa 
from July i 960 to July 196 I 

StephiioodiScus hantzbChli 

Gomphonema olivaceum 

Cyclotella meneghiniana 

Diatoma vulgate 

Navicula cryptocephala 

Surirella ovata 

Synedra ulna 

mtzachia sp. 

Goraphonenia sp. 

Dicitonia alongatum 


DIATOMS- PERCENT OCCURRENCE 
10 20 30 AO 50 60 70 BO 



ZOOPLANKTON 

Samples analyzed 20 
July I960 to July 1961 





others in first Ij species 
but not in first 2 

Cyolotolltt a tea us 
Cyclotella pseudoBtelli^ora 
Pragllaria oapucina 
Navlcula sp. 

Nitsschla paloa type 
Nltsactiia sp. 

Bhoioosphenia curvata 

30,000 


Rotifers 1 
Karate lla 
Polyarthca 
Bra chionus 
Synchaeta 
Others 

Crustacea: 
hauplil 
Cope pods 
C la doc era 


Saniplas 

with 

Animals 


12 

4 

I 

3 

4 
9 


Average count 
per liter 
per sample 


85.2 
4.0 
0.1 

59.5 

1.4 

20.2 


0.7 

0 

0 


N 


I ... 


10,000 

e 3,000 

I/I 


o >.000 
o 


Nematodes 

Other invertebrate metazoans 


TOTAL LIVE PHYTOPLANKTON COUNTS 


/\ 


/■v. 








300 


100 


Months 

June -Sept , 
Oct .-Jan. 
Feb .-May 


Average count/mL 


diatoms - SPLCIES DIVERSITY 
p.yi’SM’ViV^All FIRST 4 MOST ABUNDANT 
r" 1 AU- OTllEl^ SPECIES 

\i'Xnl, Jll.'lili NO ANALYSIS MADE 


I I I I ill n I I I I 1 M I ill I I I 

A S O N dIj F M a M J JASON O' J F M A 


most ah unbaht 
genera 0 F ALGAE 

Percent frecjccncy of counts 
150 per ml. or rnoie 
October 1960 to September 1961 



Green algnp 
I.agerhalmi.^ 
Oncystis 

Green flagellates 
Chi amydom onaa 
Phacotus 
Trachel omtinas 


?o 

5 

15 


(1959) 


(I960) 


M J 
1961) 


Other pigmented fl.agellates 
ChrysocQCGUP s 

Diatoms 
Centrl c. 

Cyalotelln 35 

HoloMra 5 

Btophiuiodracus 45 

E’cnnate 

Dintomn 10 

Navloula 10 

Nitzschia fO 

Surirella 5 

Synedra 15 


e<3 



MISSISSIPPI RIVER 
E ST LOUIS, ILLINOIS 


Dl 

LO 20 


icnL-'.-.Uily Sanplcs q 

fi n July 19 j- 

t<:r..,.''iSuca- n:xitr;cj'ii I 


-*ilu -C -".Wr {v*-/y<v«:L 

".". 1 . r.lr.t.tula 1 mm- < 

'jtsi -i! r.il'CTi.. nls."-r:Ki | ^ "~1 

Others in first species 
but not in first 2 

Distena viilgare 

yalcslra distars var, alplgora 
yeloairi grar.ulat# var, arguatiasiioa 
Nitischia palea typa j 


T‘40 50 ^ 90 100 


RELATIVE AaUtJDANCE 


ZOOPLANKTON 

Samples analyzed 19 
July I960 to July 1961 

Samples Averag 

with par 

Animals par s 


Average count 
par liter 
per sample 


Rotifers 15 

Keratella 11 

Polyarthra 6 6.0 

Brachionus 9 8*0 

Syncliaeta 5 2,0 

Other genera 11 10,0 

Crustaceans : 

nauplii 6 0.3 

copepods 5 0,8 

cladocerans 2 0,1 

Nematodes 3 , 0 

Other Invertebrate metazoans 0 

TOTAL LIVE PHYTOPLANKTON COUNTS 

Months Average count/ml . 

June-Sept. 2,849 

Oct. -Jan, 1,108 jf ] 

Feb. -Hay 1,990 ¥ 


most ABUNDANT 
genera or ALGAE 


Percont fieauuney or coimts 
!'/■) per ml. oi iiioie 
F T'orn ’hy 1959 to 19<Jl 

Aiiuey^tin 5 

Gieen filrue 

Aatltiai.ti-um 2 

imkl'itiolGi wuti 5 

Lcuiiedcnt mi> 5 

Green riaGellatun 

ciilwnydoinuii'i' lY 

Tiacliolemoiiaij [ 

Diabono 

Centric 

cc icinolliicui! 2 

Oyclotella J8 

t'eloelm C’l 

Stepliainxiii'cna UR 

Poimate 

Actei ioiielln 19 

Ciyi'onit'jiUi 2 

Ilavlcula 10 

Uit/nchln. ]4 

fiurirollu 2 

Gynoiira jU 




e 3.000 


DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 


JASONoljFMAMJ JASON o' JEMAMJ 
(1959) {I960) (1961) 


1 ALL OTHER SPECIES 


NO ANALYSIS MADE 



MISSISSIPPI RIVER 
BURLINGTON, IOWA 


Semlinontiily Samplea 
frcn July i960 to July 196I 

0 10 

I T 


DIATOMS - PERCENT OCCURRENCE 

20 30 AO 50 60 70 BO 

“I 1 1 1 1 1 r 


SteptinnodlBCUfl hantzBohlL 
Ifelooii'a anblgua 
Usloslra sranulata 





Cyolotelln. TOneghinlana 




StaphanollBCUS actrsaa 
■vnv. minutulu 

StephanodiecuG nlagaiae 
Synedra ulna 
Hltzachia yalea type 



Othora in first I( apacies 
but not in first 2 


relative abundance 

FIRST 

SECOND 

[SBSiia miRD 

I ~1 EOURTII 


90 100 

-r 1 

=3 


ZOOPLANKTON 


Samples analyzed 18 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers: LA 18,0 

Keratella 13 6 . 

Polyarthra 10 2, 

Brachlonus 9 8 , 

Synchaeta 5 2. 

Other genera 9 0 

Crustaceans , 

nauplli A 0,3 

copepods 5 0.8 

cladocerans 2 0,5 

Nematodes 1 , 


Other Invertebrate metazoans 0 


MOST ABUNDANT 


GENERA OF ALGAE 


Percent fretiuenoy of cotuits 
150 per ni. or core 
Prcj Day 19^9 to l^y 196I 

BluC'L’reen oLcae 
Anacystia 16 

OacLilatorla 3 



Gi>oen elBoe 

Aetlnistrun 3 

AtiKlotrodesaiug 5 

C5ilorello-type 5 

311 Croat in ivim 3 

Oo-oyotia 3 

Sce-neleacua 16 

Stieha coccus 3 

■Green flaeallate oleoe 
cafLonydomonna 21 

PhflcUG 3 

Trachelozionas 5 

Othor plgnented floeellatea 
ChroHidlna 3 

Diatoms 

Centric 

CyclotoUa 29 

ifaloslva 66 

StephatiodlBcMo LOO 

Pennato 

Anterlonella 11 

CJymatoplexU’fi 3 

Dlatoma 3 

Piegllarla 5 

OyiosiOM 3 

I'aidlcula 8 

Nltrocliia 3 

Surlrella 5 

Synedra 20 


I 1 ' ALL OTIISR SPECIES 


NO ANAI.YSIS MADE 


MISSISSIPPI RIVER 
DUBUQUE, IOWA 


Lj*. sa.n..lJ5 DIATOMS -PERCENT OCCURRENCE 


• 3<’/l J n .'uii 1-ji 0 10 20 30 40 50 

60 70 BO 90 

lOO 

1 — 1 — 1 — 1 1 r“ 

"n — r r r 

1 


V, ' ^ \ , *;*, ; X "A 



<pa -...It!.. US nutfscnir ' ' .* 

} . . ' j 



.>1' .It granul'itoi 

,.'i. n iiscu«; rtstt.'i'a 
V r . -’1 nut u 1 . a 




.••.■"rj l-i flr.'t li 3,t‘;ic2 
c-t r 111 rirct 2 

r^lla rcr'-.sa 
V-I-'lrd p’a' ilala 
.ar. aT,.”.!li5’iIiai 
V'ljJlxa iUUc4 

y-lutlra 5p, 

St.*>r*u O'stJ.s rli.'Jtae 


RkUTlV'E ABU^.DA'ICE 
FIRST 

second 

(ZIZZ,Z3 THIRD 

r i FaHTH 


Z 0 0 P L A jnCTON 


Sampleo analyzed 12 
July i960 to July 1961 


SaJnplcs 

ulUi 

Animals 


Rotifers; 10 

Keratella B 

Polyarchra 6 

Drachionua I; 

Synchaota 3 

OUier genera 7 


Average Count 
por Ixter 
por sample 

1(2 

30 

2 

5 

1 

It 


Crustaceans : 
nauplil 

copopods 7 

cladocerana 5 


5.9 

3.0 

0.5 


Nematodes 


Other Invertebrate motnzoano 0 


0 s T' abundant 

GENERA Op ALGAE 


f 





DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
i ALL OTHER SPECIES 



Percent frequency of counts 
120 per ml, or more 
From May 1959 to May 1961 


Bluc-groon algae 

An.abaena 5 

Anacyatig 13 

Aphaniyomenon 8 

Green algae 

ch] orella-type 
SccnedQsmus 3 

Schroderia 3 

Stichococcus 3 

Green flagellates 

Clilamydomonas 18 

Xracheloffionas 3 

Other pigmented flngellatas 
Chroraulina 3 

Diatoms 

Centric 

Cyclotella 3 

Melos Ira 66 

Stophanodiscus 87 

Penn ate 

Astorionolla 5 

Dtatoma 3 

Fragllatla 0 

Navicula 5 

Nlt?BChia 5 



MISSISSIPPI RIVER 
ST. PAUL , MINNESOTA 

Somljnontnly 
July 1J1)3 to July 


StQpUanodlscufl hantx<ichll 

ttelo-iira amblfpjn 

Cyclotella irenef'hini.Ti i 

A‘itorlonella fortro'ja 

Syncdra ulna 

Nit*Eohla aoicularis 

!Vat;ilarin capiiaina 

Othoro in flrat It apoclon 
but not In flrat 2 


DIATOMS - PERCENT OCCURRENCE 
20 30 40 50 GO 70 80 



100 


ZOOPLANKTON 

Samples analyzed 22 
July 1960 to July 1961 

Samples 
with 
Animals 


Average count 
per liter/satnple 


Rotifers: 

Keratella 

Polyarthra 

Brachionus 

Synchaeta 


23 

23 

19 

5 

14 


Other genera 20 

Crustacea: 
nauplii 16 

copepods 12 

cladocerans 8 


242 

56 

28 

52 

16 

90 

15 

16 
3 


MOST 

GENERA 


ABUNPAHT 
OF A L G A C 


Per cent fi-equEney of oounta 
150 per nl, or more 
From May 1959 to May 19^1 



Blue -green algae 


AgneneUuu 

li 

Ansaystis 

46 

Aphanlzomeiion 

7 

Goirphoaphoerla 

2 

Byngbya 

2 

Oscillator la 

33 

Plioirddlm 

5 

Green aleae 


Actinastnuai 

l4 

Aiikl strode Simla 

34 

ClilorellB -t ype 

14 

Chnioigenia 

5 

Golenkinia 

00 

Mloraotlnluiii 

l4 

Oocyatl B 

S 

Balmello co caua 

a 

SccnedesBius 

5T 

Etauraatrum 

2 

Stlohococtrufl 

5 

Green flagellate a 


Chlainydomoiiaa 

45 

Euglena 

7 

Traoholomoiiaa 

33 

Other pl^nented flngel 

Chroraullna 

23 

CryptomDnas 

2 

Dlnobryon 

5 

Gytnnodlniuia 

5 

Diatoma 


Centric 


Cyclotella 

34 

Sieloaira 

43 

CtephanoiilscuB 

95 

Pennato 


ABterior.ella 

9 

Coo cone is 

d 

Cymatopleura 

2 

Diatonia 

2 

Novi tula 

18 

Mltzedtla 

30 

Synedra 

43 


MISSISSIPPI RIVER 
NEV/ ORLEANS. LOUISIANA 


frn v'j 4 l/f/'i ti> 


’■olosir,! .'-^bjgu.A 
■il' sir ■ oc.'n'ilL,.t>' 


DIATOMS * PERCENT OCCURRENCE 
?0 30 4 0 5 0 6 0 70 80 90 


fBwrrrrrinn t,- 'll* ■ ,' ftr ■■ .. 

'itijph Ti jlSCUS ll. .It. BChll ' [ 



ZOOPLAN KrOM 

Samples analyzed 2A 
jLy 1960 to July 196L 


Cycl jttdl.i mcni'ghini.Ji.i 

"■'In -ir i dist. ns 
VaX . iIplQcnt 
r.. discus 
V r. nir.utula 

Sjn. if) uln.t 

U'jsc in 1‘liscus riittiii 

"■l'/s£r\ vatli'JiS 


t't'-rroi in first s,' 

1 It i..t. ill first 2 


ZJ 


July 

Samples 
with 
Animals 



REUiTlVE abundance 
FIRST 
SECOND 
THIRD 
FOURTH 


rdDilr.i (Tarulatn vsr. ai.^jtlaalna 
llxlica 

if • ( '■.I'-tlL-tJs iJararae 
S^--' fra 5C-3 



Rotifers. 
Keratelia 
Polyarthra 
Brachtonus 
Synchaeta 
Other genera 

Crustaceans 
nauplll 
cope pods 
cladocerans 

Nematodes 


Average count 
per liter 
per s ample 

0.5 

0.6 

0 

0 . 1 

0 

0 

0, i 
0 
0 


DIAXaiS -< SPECIES DIVERSIiy 

FIRST 4 MOST ABUNUAVT 
l~ ) ALL OTHER SPECIES 

NO AIJALiSlS HADE 


S T abundant 
G C N ERA 0_F algae 



Percent frequency of counts 
ISO per mX. or more 
From May 1939 to May 1961 


Green algae 

ohlorella-type 

Scenedesmus 


Diatoms 

Centric 

Cyclatella 

Meloslra 

Stephanodiscus 

Pennate 

Synedra 


9 

47 

51 



MISSISSIPPI RIVER 
DELTA, LOUISIANA 


Sisnijnontnly Jiunploa 
fiom July 1<360 to July l’>6l 


Molosira ambiguA 
Stephanodiscufe hantziichii 

Cyclotolla raeneglu-niana 

StGphanodiscus aatraua 
var . minutula 

Stephanodiscus ntagarae 

tlelosljra distans 
var. alpigena 

Melosira graaulata 

Synedra ulna 


Olhcra in first li spooiao 
but not in first 2 

Cosclnodiacus rothii 
Uolosira itallca 
Uolonlra variana 
Hltzschia ])aloa typo 
Synodra acus 


DIATOMS “ PERCENT OCCURRENCE 
20 30 AO 50 60 70 80 



ZOOPLANKTOH 

Samples analyzed 20 
July 1960 to July 1961 


3 







A i 


\ ! / V 

‘i' 


1 


■’>. s' 


'''W / 




' T'd ' 



Samples 

Average count 


with 

per liter 


Animals 

per sample 


Rotlfera 6 

0.8 

NUANCE 

Keratella 6 

O.A 


Polyart hra 1 

0.1 

FIRST 

Brachlonua 2 

0.3 


Synohaeta 0 

0 

SECOND 

Other genera 2 
Crustaceans. 

0 

TKIRD 

naupllL 2 

0.2 


copepods 3 

0^3 

FOURTH 

cladocerans 0 

0 


Nematodes 

6* 


other Invertebrate metazoans 0 


DIATtNS " SPliCIUS DIVURSITY 

PIRST 4 MCST ABUNOANT 
I 1 AIX OTIIBR SPBCIIIS 


» 0 S T ABUNDANT 

genera oj^ algae 

percent frequency of counts 
ISO per ml, or more 
From Nay 1959 to May 1961 


Green flagellates 
Chi any demon as 



platoms 

Centric 


CycLotella 

7 

Melosira 

44 

Stephanodiscus 

67 

Pennate 

Fragilaria 

3 

Synedra 

15 


NO ANALYSIS MADE 


MISSISSIPPI RIVER 
WEST MEMPHIS, ARKANSAS 


5 en.lj«onti»ly Sernplus 
frocn July I96Q to July I96L 


r 


DIATOMS - PERCENT OCCURRENCE 
2.0 30 ^0 50 60 70 80 90 

— I 1 1 1 1 1 1 r- 


100 


Melosica ambigua 
Stephanodiscus hautzschii 

Melosira granulata. 

StephaTiodis;;us astraca 
var. minutula 

Cyclotella monagliiniana 

Synedta ulna 
Stephanodiscus niagatae 

Melosira vnrians 

Co-scinodlscus rothii 

Others In first ti apooias 
tut not in first 2 


Asterlonolla fornosa 
Fragllaria crotonensla 
Ualoolra diatana 
var, alplgona 
Voloslra italics 
Navlcula sp, 
lUtzaehla palaa type 
Synadra acui 

X 




Z 0 QPLAWK.TOW 

Samples analyzed 21 
July 1960 to July 1-961 


mny. 


■l.V - 


Samples 

with 

Animals 


liU 


RELATIVE AftUNDAHCE 
FIRST 
SEca\D 
T]fIRD 
FOURTH 


cz 


Rotifers 
Keratella 
Polyart hra 
Brachionus 
Synchaeto 

Crustaceans; 

nauplli 

copepods 

cladocerans 


Average count 
per liter 
per sample 

3.7 

L.A 

0.5 

1.5 

0 

0. 1 
0.1 
0.1 


3 





DlATCtlS - SPECIES DIVERSITY 

FIRST 4 MOST ABUMDANT 
I I ALL OTHER SPECIES 


Nematodes 2.0 

Other Invertebrate metazoanB 0 



MOST abundant 
GENERA 0 E ALGAE 

Percent frequency of counts 
150 per ml . or more 
From May 1959 to M.iy 1961 

Green .algae 

Scenedesmus 6 


Green flagellates 

Chnlmydomon.as 2 

Phaous 2 

rrache Iciinon.ts 2 

Other pigmented flagell.ates 
Chromulinn 2 

Dratomfi 

Centric 

Cyclotella 10 

Melosira 54 

Stcph.anodiscus 77 

Pennato 

Asterdonell.i 2 

Synedra 27 


E 


TTI NQ ANALYSIS MADE 



MISSISSIPPI RIVER 

CAPE GIRARDEAU, MISSOUR 


boraiJiionttily Samplco 
fropi July i960 to July 1961 

Hdlosit.v nmbigii.v 

Stephanodiscus hant/aclili 

Stoph .modi scan .latr.-aiiv 
v.ir. ml aula III 

Steph.modlbcafa niag.ir.vc 

Kragil.vrJ A coiisliuona 

Melos jr.i oranal.vl.* 

Suriroll.i ov.it.i 

Cyclotell.t wcnGgtiinl.vn.v 

Syncdr.i ulna 

Gyroslgm.-i kut.-ingii 

Nlt.!schi<i sp 


DIATOMS-PERCENT OCCURRENCE 
10 20 30 40 50 60 70 80 

“1 ^ 


90 


— I I I ^ 


ZOOPLANKTOH 

Samples analyzed 19 
■ I960 to July 1961 





'•• 'I 


RElA’l'IVE ABUNDANCE 
PIUST 
SECOND 
IHIBD 
I' Olliai I 


July 

Samples 

wLt!i 

Animals 


dssa 

(=11^ 

Othorn in first Ij npoolos 
but not in first 2 

CoBcinodlactts roLlill 
Molosira sp, 

Hltaarhin llnoaris 
Nltznchia paloa typo 
Siirii olla hriphtynjllll 


Rotifers 
Kerntella 
Polyarthra 
Braclilonus 
Synchaeta 
Other genera 

Crustaceans: 

nauplli 

copepods 

cladocerana 


30,000 


Nematodes 

Other Invertebrate metazoans 


TOTAL LIVE PI IVTO PLANKTON COUNTS 


Average count 
per liter 
per sample 

2.8 

L.O 

0 

1.2 

0 

0,9 

0 

0 

0 

L 
0 



10 , 000 ^ — 


6 3,000 


1,000 


300 


MOST ABUNDANT 


genera of al gas 





Percent frequency of counts 
150 per ml or more 
From May 1959 to May 1961 


Green algae 
Scenedesmus 
Tetradesmus 

Green flagellates 
Chl.atnydomon.as 


Other pigmented flagellates 
Ctiromulina 2 


DlATOMh - SPICII'S DlVLNhllY 

FIRST 4 MOST ABUNDANT 


JASONDlJFMAMJ JASON Dl 
(1959) (I960) 


J F M A M J J 
(1961) 


Diatoms 

Centric 

Cyclotella 

Melosira 

Stephanodiscus 

Pennate 
Asterlonella 
Diatom a 
Gyro sigma 
Navicula 
Nitzschia 
Sutirella 
Synedra 


20 

39 

73 


5 

2 

2 

2 

5 

7 

20 


] ALL OfimR SPUCILS 


MISSOURI RIVER 
ST LOUIS, MISSOURI 


-Mi / - 

r It J- , 



1 'A 


DIATOVS - PERCENT OCCURRENCE 


0 10 20 


30 « soeoroeoM 


T T 




ESa 




SO 


sazo 

coco 

r~i 


sm 


REL.MIVE ABUIJDAKCE 
fSMM E1R5T 

SECOND 
THIRD 
FOURTH 


c 


c 


□ 


m 


100 

“1 ZOOPLANKTON 


Samples analyzed 23 
July 1960 to July 1961 


Samples 

Average count 

with 

per 

liter 

Aolojals 

per 

sample 

Rotifers, 3 


0 

Keratella 1 


0 

Folyarthra 0 


0 

Bradilonus 0 


0 

Synchaeta 0 


0 

Other genera 1 


0 

■Crustaceana : 



nauplii 1 


0 

copepods 3 


0 

cladocerans 0 


0 

Nematodes 


2 

Other invertebrate metazoans 

0 


tl 0 S T ABUNDANT 

GENERA OF ALGAE 


Pei cent i'requcnoy of countc 
ly) per nil. or iioie 
IVotn t!ay 191^9 to l!ay I 9 C 1 

Green nlfiae 

Aiiklntiodecuiui, 2 

Sccnedesnuc 

Gieen flacellafceG 

CnlttinyToiiDnaB 4 

Tmcliolomoiitt.. 2 



Diatorin 

Geuti'io 

UyclotoUa 6 

Ikjloolra 6 

LteplmnodiGOUG ^3 

lennate 
AGtorionella 
IT’acilal'ift 2 

Co npHonoua 2 

Havicula 2 

Gynedrii 23 



MISSOURI RIVER 
KANSAS CITY, KANSAS 


Strilnontnly SmplJa 
rpoi July I960 to Jiilv 196I 0 


DIATOMS - PERCENT OCCURRENCE 
10 20 30 50 60 70 80 

T~~ 






FragxlftCia construens 
Stephanodiscus hant^schii 

Stephanodiscus astraea 
vat . manutiila 

Nitpschia palea type 

Cyclotella meneghxni ana 

Nit< 5 scljia sp. 

Surl-tella ovata 

Fragllaria ctotonnnsis 

Stephanodiscus sp, 

(itTiurs in fjrst I* sitcies 
but not in 1 irst 2 




1 — r 


90 

“I 


ZOOPLANKTON 

Samples analyzed 18 
July 1960 CO July 1961 


2 ID 


Samp les 
wLch 
Anlraa 1 b 



RLUM'IVL ABUNDANCE 

^ v\~- SECOND 

FDUnTH 


ROtlfecs 
Keratel la 
Polyarthra 
Brachionus 
Synchae ta 
Others 

Crustacea : 
nauplii 
Copepodb 
Cladocera 


Average count 
per liter 
per sample 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Nematodes 0 2 

ocher Invertebrate metazoan 0 


Anphiprora paludosa 
Fragllaria capucina 
Nltzsehla aclcularla 
Nltzschla linearis 



DIATOMS - SPOCIUS DIVERSITY 

FIRST 4 MOST ABUITOANT 
I 1 ALL OTHER SPECIES 


MOST ABUNDANT 



GENERA O F ALGAE 

Percent freejuency of counts 
150 per ml. or more 
Prom May 1959 to May 1961 


Green algae 

AnkLstrodesmus 

Scenedesetus 

Greon Flagellates 
Chi amydoitionas 
Phacotus 
Tr ache lorn on as 

Diatoias 

Centric 


2 

13 


Cyclotella 

13 

Melosira 

9 

Stephanodiscus 

57 

Pen note 

As tor rone 11a 

6 

Fragllaria 

11 

Gonphonena 

2 

Navlcula 

6 

Nit?schia 

11 

Svtirell a 

A 

Synedra 

21 


] NO ANALYSIS HADE 


MISSOURI RIVER 
ST JOSEPH, MISSOURI 


v-'i i t. 1 -A 




DIATOM 

s- 

PERCE 

NT 

OCCURRENCE 


0 

iO 20 

30 

40 

50 

60 70 eo 

90 

1 — 

1 ' I - 

~r 

' ' T ■ 

■ "1 ■ 

1 1 ' r" 

1 

WWKML^ 




><’^'‘>11 "“'.v 

3 


•tt;h n ’1.-.CUS ,»stri'. ^ 
■v't. isnatul.. 

TVr* 'Sr.v uln . 

'■«,t ^nlcrt tyj.j 

I Imyi’tis 
n-lln 

rec’gilar i. 1 ctotunensifa 



i;;) HEUTIVE ABIUIDAIICE 
FJRSr 
SECOND 
IHIRD 
FCORTH 


Frs’ilftras capuciM 
HaTieola cusoidata 




orAXCsvts - srncifcs diversity 


Z 0 0 P L A N K T 0 N 
Samples analyzed 21 
July I960 to July 1961 


Sample^ 

wicli 

Animals 


Average count 
per liter 
per sample 


Rotifers* 

Ke race 11a 
polyarthra 
Brachlonus 
Synchaeta 
Other genera 

Crustaceans. 

nauplii 

copepods 

cladocerans 


0.1 

0 

0 

0 

0 

0 

0 

0,6 

0 


Nematodes 3 

Other Invertebrate metazoans 0 



M Q S 'i 
0 n N E R A 


U N D A H T 
£_£ A L G A F. 


I r ml . or mor© 
from May 1059 to 

Bluo^gicjc’n .•\ly^a 
AtiaoystJ i. 


Gioun txlg.u' 
Actinasiruti) 

AnRl b t Sdius 

SconGtlof,iii\>s 

OlCGH 

t h 1 am y cl t) in y n a s 

EllglcD.^ 

Tr.ccliu Loiiioiiafa 

Ih atom.s 
Ccjuti Ic 
Cyc-loion., 
Molosix,) 
Siujilifcnodiscus 


6 

14 


16 

S 

10 


IB 

16 

71 


I’l’iin.cto 
Asieriiinull.x 
I'l .MjJ 1,111 a 
N.cvjcul,! 

Nil ,>110111 ,t 
SyjK'dr.i 


14 

16 

4 

16 

23 


FIRST 4 MOST abundant 



MISSOURI RIVER 
OMAHA, NEBRASKA 


Semlinontiily Satiplas DIATOMS - PERCENT OCCURRENCE 

rron July 19^0 to July I 96 I 0 10 20 30 AO 50 60 70 80 90 

||||^I||I||| ^ ^ * 

Stephanodiscus astraea 
var . minutula 

Cyclotella nianeglianiana 


Stephjuiodiscus sp. 






Fragilaria crotonensls [ 

Asterionella formosa 1 


RCIATIVC ABUNDANCE 


FIRST 


Surirella ovcata 

Nltzscliia linearis 

Others In first b apecios 
but not in first 2 


SECOND 

third 

f 1 FOURTH 


Z 0 (J 

P L A 

N K T 0 N 

Samples 

analyzed 20 

July L960 

to July 1961 


Samples 

Average count 


with 

per Liter 


Animals 

per sample 

Rotifers “ 

3 

0.5 

Keratella 

1 

0.1 

Polyaxthra 

1 

0.1 

Brachionus 

2 

0.3 

Synchaeta 

0 

0 

ether genera 0 

0 

Crustaceans, 



naupLii 

2 

0.3 

cQpepods 

5 

0,5 

cladocerans 

1 

0.1 


Nematodes 3 

Ocher invertebrate metazoans 0 


Cymbella tumlda 
Dlatorna vulparo 



MOST ABUNDANT 
GENERA 0 F ALGAE 

Percent frequency of counts 
150 per ml. or more 
From May 1639 to May 1961 


Green algae 

Anhi stredesmus 

7 

chlorella-type 

2 

Oocystis 

2 

Scenedesmus 

11 

Selenastrurn 

2 

Stichoceccus 

z 

Green flagellates 

Ch 1 .amydomon a s 

24 

Trachelomonas 

7 

Other pigmentuii flagell; 

Chrysococcus 

2 

Diatems 

Centric 

Cyclotella 

7 

Me lo sir a 

17 

S tephnnodrsctia 

HS 

Pennntu 

As ter lone 11. a 

22 

Diatom a 

2 

Navicul.t 

2 

Nltzscliia 

17 

Surirell.t 

7 

Synedr.t 

22 


f I ALL OTHER SPECIES 


NO ANALYSIS MADE 


MISSOURI RIVER 
YANKTON, SOUTH 


DAKOTA 


nos r A a u H D A i: 1 
GENERA or ALGAE 


w'Aj 19 ' 




iO 20 30 40 50 60 

-1 r T I E ' 


\ It ninutuLi 
Stfl'i n L.-nt- ref’ll- 

pj 'it' 'I* ^ ul^ ^to 

tori" frjr::ijsa 


relative abundance 


n 




13 


!□ 


first 

SECOND 
THIRD 

I FOURTH 


idibcus niagaraii 
'''•iXosira v.-rian'S 
Cyclotella 
C cc’.nsia placcntula 
AchmnUius pinutissina 


mm oo 

r~n 

m 


Olhsra in Tint li speclej 
tut n^t in fir3^ 2 

Dlstcoa Blongatua 
Pragilaria canuoiiw 
Sayicula sp, 

Hitiachia paloa type 

muschta iryullonalla 
Hltsschla ap. 

Plauroaigiaa delicatuluju 


z 0 0 P L A N K T Q N 


Samplea analyzed ?A 

July L960 to July 1961 



Samples 

Average count 


with 

per Liter 


Animals 

per sample 

Rotifers. 

16 

27.3 

Kara tel la 

S 

20 , 9 

polyartbra 

6 

1 . 5 

Brachlonus 

6 

0,6 

Synchaeta 

6 

2,0 

2.3 

Other genera it- 

Crustaceans . 

naupLil 

10 

J , V 

6.5 

2.0 

cepe pods 

10 

cladocerans 

3 


Nematodes ^ 

Other invertebrate metazoans 0 



Percent frequency of counts 
150 per ml. or more 
From May 1959 to May I9ol 


Blue-green algae 
An acystis 


Green nlgae 

Ankistrodesmus 7 

cHlorella- type 4 

Sceneclesmus 4 

Selen.astrum 1 

Green flagellates 

Ctilamydomonas 11 

Luglena J 

Traohelomonas 13 

Other pigmented fla.geLlates 
Gymnodinxum 2 

Diatoms 

Centric 

Cyclotella 4 

Melosira 2 

Stephanodiscufa 72 

Pennate 

Asterionella 26 

Cocconeis 2 

Cymbella 4 

Diatoma 11 

Gomphonema 2 

Nnvicula 4 

Nit^schia 9 

Pleurosigma 2 

Synedr > 9 


MISSOURI RIVER 
Bismarck, north Dakota 


SuniioonUily Samploj 
fioiii July 1900 to July ipol 


DIATOMS- PERCENT OCCURRENCE 
0 10 20 30 40 50 60 70 BO 


Acitorioiiclla forniohA 


Olntoim viilgnj-i* 
t ojAi an od i s cii a n v ag ar <vc> 

Navlcul€'\ ap. 

Nit/aohia ap. 


■siziz: 


Stcph.nindiaciia liant/achii 
ni atnma oloncjatu.,, 


1 


RELATIVE ABUNDANCE 

SECOND 


Suiirulla ovata 

Stophanndiacus aalrana 
var. minulula 

Kragi laKla crotonnnaia 

Nlt/schia acicularia 



S toplianodiacus 


mi 





third 

r I FOURTH 

Otliere In first It species 
but not In first g 
Cocconsie placcntula 
Cymbolla aTfinis 
Ootnpii enema olivaceua 
Kolesira ombigua 
HitBBchia palea typo 
HitBschin ap. 


Z 0 0 P 

LAN 

K T 0 N 

Samples analyzed 19 

July 

1960 

to July 1961 

Samples 

Average count 

with 

per liter 

Animals 

per sample 

Rotifers 

8 

^.8 

Keratella 

3 

0.5 

Polyart hra 

5 

3,2 

BrachLonus 

1 

O.l 

Synctiaeta 

0 

C 

Crustaceans . 



nauplii 

9 

5,6 

copepods 

6 

2.1 

cladneerans 

1 

l.l 

Nematodes 


2.0 


Other Invertebrate metazoans 0 





niAlCMS - SPLCICb DIVERSITY 


pg'MM I'lRST 4 MOST ABUNDANT 



HOST A B U N D ri N I 
genera of ^ I G a E 


Percent frequency uf counts 
150 pet nl. ur nore 
From May 1959 to 'tiy lynl 


Diatoms 

Centric 

Stophanodiscus 9 

Pennate 

Asterionolla 3 

Synedra o 


ALL OTHER SPECIES 


I 'J NO ANALYSIS MADE 


AT 



MISSOURI RIVER 
WILLISTON, NORTH DAKOTA 


.•-al/ -nplej 

't o JjVv to July HOl 


-111 f. 


DIATOMS - percent OCCURRENCE 
0 10 20 30 40 50 60 70 80 

1 1 1 1 1 


I — r 


T 


lismmsssBBsmm 


mi 


rr 


n 

^ 


.t-.'i I ' •;j 25 iiariJ 
'•■ cl. -ells .f u v^ja 

-tr . i ' jcici tjOC 

Others In first 1, apejUa 
b. it r;t In fi rst 2 

Aehr-nthea air'Jliaslaa 
tfa.lS'da Tlridala 
i..irirella fcrlfhtwallli 


ED 


E 3 

0 




XZ1\ 


REUTIVE ABWDAi’CE 


FIRST 

SECaND 


13 THIRD 


3 fourth 



ZOOPLANKTON 


Samples analyzed 24 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers. 8 0.9 

Keratella I 0 

polyarthta 1 0 

Brachlonus I 0 

Synchaeta I 0 

Other genera 3 0 


Crustaceans . 

nauplll 1 0 

copepods 3 0.5 

cladocerans 0 0 

Nematodes 1 


Other metazoan InvcrtabraLos none 



a 


A B U N D A 

^ N E R A OF A L G A E 


J>om Hay 195 9 to ffay 3361 


I 31 \ie-{p.'een algae 
Annoyotlo 6 

Apluuil zoaienon 3 


Green alroo 

Aatlnaotinaa 3 

Ankl otrodenimit, 3 
Oooyotio 3 

Ooenedofiinw 6 


Gi'ean flagoHatoo 
Clilajnyxloiiioiiao S 

'PmolielonsonaD 6 


Oiatotnn 

Centric 

(-VoiotoUa a 
Dtopiionodiacuc 4/ 


I'OlUUitO 

Autoi'lonella 36 

Oyidjolln 6 

Dlatonm 22 

I'Vagilarla 17 

Havioula 01, 

lUtziiohla 25 

UnvlroHa 3 

Gynedi-n lil^ 



OHIO RIVER 
CAIRO, ILLINOIS 


Q(9nlinoiit>ily SajiipLea 
fron July I960 to July I 96 I 0 lO 

Melosli:^ ambJ^gua 

S tephnnodiscois hantzschii 

Cyclotdlla iiu’no<jhini.anA 

Synedra ulna 

Mulosir.i granulata 

Synedra acus 

Baclllari.i paraJoxa 

Nltzcchla lanct'olatae group 

Melosijra variana ^ 

Amphoi'a sp. ^ 

Others In first !» apocias 
but, not in flrot 2 

Cyclotalla atcmUB 
Cjnibelln affinis 
Rragilaria orotononflia 
Heloalra diatnns Tar, alpigena 


diatoms - PERCENT OCCURRENCE 
20 30 40 50 60 70 80 90 lOO 

“1 I \ I I f I I I 

'I 


relative abundance 


Nltzachin pnlea typo 

j®6o 

J J 

Surlrollo ovnta 

\ 


< 


^ 11/ ' .. 

' ( 

- ' • 1 -■ 


'~*r' 

'"'iti'ixy 


E 3,000i 


ZOOPLAKKTOH 


Samples analyzed 2A 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


ANCE 

Rotifers 

9 

3.0 


lieratella 

b 

2.0 

FIRST 

PoLyarthra 

L 

0 


Brachionus 

5 

1.0 

SECOND 

Synchaeta 

L 

D 


Other genera 

a 

0 

THIRD 

Crustaceans : 




nauplil 

0 

0 

FOURTH 

copepoda 

L 

0. L 


cLadocerans 

8 

0 , 6 


Nematodes 


2.0 


Other Invertebrate metazoans 0 


to tal live fhytqplawkton counts 

Months Average ceunt/ml , 

June-Sept, 757 o 

Dct.-Jon, 1,975 

reb.-ltay 1,50>- I\ 


DIATOMS - SPECIES DIVLHSITY 

FIRST 4 MOST ABUNDANT 
I I all OTUliR SPBCICS 

I J NO ANALYSIS MADE 


MOST ABU tJ PANT 

genera q f algae 

Percent frequency of counts 
150 per ml. or more 

From Nay 1959 to May 1961 

Blue-green algae 

Anacystis 0 

Green algae 

Ankistrodemus 4 

chloiella-type 2 

Scenedesnus 4 

Stlchococcus 2 

Green flagellates 

Chlamydcmonas 2 

Trachelojnonas 2 

Other pigmented flagellates 
Chronulrna 2 

Diatoms 

Centric 

I Cyclotella 38 

Helosira 40 

StephanodiscuB 22 

Penn ate 

Gonphonema 4 

Nitzscbra 2 

Synedr a 32 


AS ON 0 j F M AM j J A S ON DlJ F MAM 
(1959') (I960) (1961) 



OHIO RIVER 
EVANSVILLE, INDIANA 

-.'wt^-wvilv 

fpii Jjlj 15 ‘jO Jal/ I'JjI 

i .'-biguri 
Syntrtra win i 
•VI' -sit. -I fjrfluul-»tA 
.-cus 

C'jisJfjt.'Ila n.->n>ighinian 1 

bteph in3ill<»cas, hantzschxxj 

•VJOStr.i dlStAOS 
V t. rilpiQun.? 

\stt*rion«lli\ fopFcsa 

OU-ers in first h apeclea 
hot pot in fir st 2 

Cyfeatopleura ssl&n 
Ciatws) Kulgara 
i>agiiarU crotcneraia 
Surlralia ovata 


01 ATOMS- PERCENT OCCURRENCE 
20 30 40 50 60 70 80 


rrr] 




IHD 




mzT 


□ 


^30 

m 


REUTIVE ABin.DAKCE 
FIRST 


SECOND 

r TKiRo 

j ) FOURTH 



DIATCHS - SPECIES DIVERS Iiy 

FIRST 4 MOST ABUNDANT 
C_ - .. j ALL OUER SPECIES 


ZOOPLANKTON 

Samples analyzed 21 
July 1960 to July 1961 


Rotifers 

Keratella 

Polyarthra 

Brachionua 

Synchaeta 

ethers 

Crustacea: 
Nauplli 
Cope pod a 
Cladocera 


Samples 
with 
Animal e 


14 

L2 

11 

6 

I 

10 


Average count 
pel Liter 
per sample 


Nematodes 

Other Invertebrate metazoans 


TOTAL LIVE PHYTOPUNKTON COUNTS 


Months 


Average count/ ml 


71 

59 

4 

2 

0 

6 


1.7 

1.7 

1.4 



M 0 S T 

genera 


abundant 


^ ^ A L G A E 


Per coni frequency of counts 
ISO per ttil , or more 
From Miy 1D5P to May 1961 


UlUf -green algae 
Anabaen.x 
Anrtcyatis 
Aphnni /omenon 
OwlHatorla 


Greon algae 

Actinafatrum 

Anltifiirodomus 

Die lyosphaorium 

Golonkinin 

^flc^ actinium 

Oocysti 5 

Radlocuccus 

Sccnoilosmus 

Splrogyra 

Tetraclosmus 

Totrastrum 

l/lothrix 

Wostella 

Ojoon flagellates 
Chlnmydomonas 
TrachcLomonns 


3 
15 

4 
6 


3 

4 
3 
3 
3 
3 
3 

15 

3 

3 

3 

4 
3 


lU NO ANALYSIS MADE 


Olhei plgmonted f Inge Hates 
Chroinullna 9 

Dl.itoma 

Centric 

Cyolotolla j 

Mo 1 051 r a 70 

S toph anodl sens jo 

Penn at o 

Ah tot lone Ha 9 

(iompJionoraa 5 

Navicula 3 

SurlrolJa 3 

Synodia 40 


OHIO RIVER 
CINCINNATI, OHIO 


Sf'mlnifinthlj .“amplos 
ficm July tu July 1961 

Melosira anbigun 
Molosira gr.inulatn 
Sync dr a acus 


OIATOMS-PERCENT OCCURRENCE 
0 10 20 30 AO 50 6 0 7 0 80 


90 

1 


ZOOPLANKTON 

Samples analyzed 21 
July 1960 to July 196L 


Cyclotella meneghrnrana 
Synedra ulna 

Stephanodiscus hantzschii I 

Melosira varians 

Synedra nana 

Surirella ovata 
Fragilaria crotonensis 



Othora in first l( apooies 
but not in first 2 

Oomphoncma parvitlua 
nyrosigma kutzlngli 
Melosira dlstana var, alpigena 
Nltzschla palea typo 
Pinnularla sp. 




. V. 'I ■ 


DIATOMS - SPEC ms DIVERSITY 


REIJVTIVE ABUNDANCE 
FIRST 
SECOND 
=§ 1 IHIRD 
r 1 FOURTH 


Samples 

with 

Animals 


Kotifere. 12 
Keratella 10 
Polyarthra 10 
iJrachlonus 9 
SynchaeCa 4 
Other genera 8 

Crustaceans 
nauplti 6 

copepods 6 
cladocerans 7 


Nematodes 

Other invertebrate 


Average count 
per liter 
per sample 


58.0 
39.7 

5.6 

6.6 

3.5 

11.1 


l-,3 

2,0 

2,0 

2.0 

tazoans 0 



MOST A B U U D A N T 
GENERA OF ALGAE 


Percent frequency of aoiuitc 
150 per ral. or rviix! 
From !'ay 1959 to I by I961 


Blue -croon la^’oe 
Aj'abuena 9 

Juiaoy-tiG 2 T 

J'plianl"o anon 9 
Arthi’ocpliQ ■’ 
Ocolllntorla 18 
FnorrJ.dlu!.'! 4 

RlaplilJlopBia 2 

Oieen olcaO 

Acttnactnun 4 
Any tot role snuB 13 
riilorollo-type CO 
Clilorocoaaun 7 
Dlctyosphaor iunlt 
DL"iOi 7 phocuccu 2 2 
ColenFiiiia J 

OocystlB 4 

Pali'^ellocQuoua 2 
OeeneJenmuE K 7 


Gi'een ITacellateo 
□ilnLiyiiciiiQnab CO 
Trachelncnaa 11 

Othor plsnentccl flatolleteB 


ilirociullna 11 

Dlatoina 
Oantrio 
OydotellQ 
Ilolonlia 6^ 

Etoplioi ltd Irons 18 

Perjiate 

Aeterlonolla 7 

Cymbella 4 

Diatom 2 

Oeraphoneta 7 

Ilavicula 16 

>Iit''ic’ila li 

"/neilv'a 60 


FIRST 4 MOST ABUNDANT 
C 1 J ALL OTHER SPECIES 


OHIO RIVER 

HUNTINGTON, WEST VIRGINIA 


Samples 

From July 19 iO to July 1961 
Melosira anbigua 
Meloslra granulata 
Cyclotella meneghiniana 
Synedxa ulna 
Synedra acus 

Stcphanodiscus hantzschii 

Meloslra vailans 

Asterlonella :foriaosa 

Dlatoma elongatum 

Pinnularia sp. 

Others In first U apeclea 
but not In first 2 

Cyclotella paaudoatclllgera 
Ichnanthes rntnutlsaima 
Dlatoma vulgare j | ‘^0 / JT 

Heloaira distans . — L i 

j. I / 


DIATOMS-PERCENT OCCURRENCE 



ZOOPLANKTOti 

Samples analyzed 21 
July 1960 to July 1961 



1 

"• 1 



RELATIVE ABUNDANCE 


— FIRST 

m 

SECOND 

m 

THIRD 


) .. J FOURTH 


Rotifers’ 

Keratella 

Polyarthra 

Brachlonus 

Synchaeta 


Samples 

with 

Animals 

13 
12 
10 
9 
7 


Other genera 8 


Crustaceans : 
nauolLi 
copepods 
cladocerans 


Nematodes 

Other Invertebrate metazoans 


Average count 
per liter 
per sample 

28 

20 

6 

2 

1 

0 

1,1 
2.0 
1. 3 

0 
0 


?60 


var, alplgsna 




i / 

%t 


/ 






/A' 








r ; ./ 

i/‘ 


f 










"V 


DIAT0^1S - SPECIES DIVERSITY 
KYMlS'C’wCa FIRST 4 MC6T ABUNDANT 
L ■■■_ ~1 ALL OTHER SPECIES 



most a B U tl D a 11 T 
GENERA Of ALGAE 

Percent frequency of counts 
150 per ml. or mote 
Proirt May 1959 to May J962 


Ulue-yreen nlg.ae 

Anabaena 7 

Anacystib 24 

Oomphosph.aori.a .1 

Oscillatori.i 7 

Rhaphidiopsxb 2 

Green algae 

ActJnastrum J 

Anki strodesmus 24 

Chlorel la~type 9 

Coelastruni 2 

Dictyosphaerlum 4 

Golonlcinia 9 

KirchneriQll,! 2 

Lagerhoimia 2 

Micractinj urn p 

Oocystis 4 

Scenedosmxtb 36 

Selenastium 2 

Staurabtrum 2 

Tetr.idcjsmiis 7 

Green flagcHatos 

Chlaraydoraonas 20 

PhacotUB 2 

Trachelomoiias .1 

Other pigmented flagellates 
ChromiUino 7 

Chrysococcus 2 

Diatoms 

Centric 

Cyclotella 4’ 

Melosrra 64 

Stephaliodiscus JO 

Penn a to 

AsterionPlla g 

Ur tit om a 4 

Frag i lari a j 

Gumphonema 2 

Navicula 11 

Nitrschia 11 

Surirollti 2 

Synedra 60 



OHIO RIVER 

EAST LIVERPOOL, OHIO 


SamlMonmly Sonplos 
from July i960 to July 190I 


Cyclotella mena^inlana 
Ifeloolra vtuflanB 
StephanodlBCUfl hantzechll 
Synedra ulna 
Aaterlonalla fomopa 
tfeloolra amblgua 
Oynedm vaucherlae 
tlitzBchla palea type 
CycLotaila pDeudoatelllgera 

Othora In first 1| species 
but not In first 2 
Achnanthes rninutlssima 
Cocconoia placantula 
Dlatona elongatum 
DlatODa vulgare 
Fragllaria capuolna 
Fruatulla vulgaris 
Navloula cryptocepbala 
Navloula ap. 

Nltzpohla sp. 

Nltzschla sp. 


• PERCENT 


OCCURRENCE 



ZOOyLAMKTQM 

Samples analyzed 20 
July 1960 to July 1961 


Samples 

Vlth 

Animals 







Rotifers: 

10 



Keratella 

5 

RELATIVE ABUNDANCE 

poLyarthra 

4 



Brachlonua 

7 


FIRST 

Synchaeta 
Other genera 

2 

7 

mmm 

SECOND 

crustaceans . 
nauplli 

6 


THIRD 

copepods 

cladocerans 

4 

1 

I 1 

fourth 

Nematodes 



other invertebrate metazoans 


Average count 
per liter 
per aaniple 

13.0 

1.0 

1.0 

3.6 

3.0 

6.6 

1.7 

4.0 

1.0 
1,0 
0 



30,000 


10,000 


6 3,000 


COUNTS 


to 

3 1,000 1~ 

o 




D 

DIATCWS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 

\ 1 all other species 

NO analysis made 



MOST abundant 

GENERA 0 F ALGAE 

Percent frequency of counts 
150 per ml, or more 
From May 1959 to May 1961 

Blue-green algae 

AnacystLs 13 

Calothlrx 2 

Gomphosphoerla 9 

OsclllatorLa 2 

Green algae 

Actlnastrum 7 

AnklatrodeBmus 20 

chi ore 11a -type 11 

Closteriuni 4 

Cob la strum 2 

DLctyosphaerlum 2 

Golenklnla 4 

Micractlnlum 2 

PalmellococcuB 2 

ScenedeamuB 24 

TetradesmuB 11 

Tetraspors 2 

Green flagellates 

ChlamydoinonaB 28 

Trachelomonas 4 

Other pigmented flagellates 
Chroimiltna 9 

Diatoms 

Centric 

Cyclotella 24 

Melos Ira 9 

Stop)ianodlscus 9 


A S 0 N D 
(1959) 


IJFMAMJ JAS 
(1960) 


F'M A M J 
(1961) 


rpennata 

Aaterlonalla 
D la tome 
Gomphonema 
Navlcula 
Nltzschla 

■Svnedrn 


4 

2 

4 

13 

7 

17 


POTOMAC RIVER 
GREAT FALLS, MARYLAND 

diatoms - percent occurrence 
10 20 30 40 50 60 


"sajL'jnt.tly C c'-lja 
rrj«, Jjly .J ti ou./ 15fA 


itsr di scub hmv^scnii 
*.' vicul.\ cryptoceph.-'la 
DJ^t /■’A 

i!>clatellii rccnt-ghiniana 
Sytjedra uln i 

T btellig^jra 
''•yncnlri vnuclieiitc 
Cj'cloWll.i psuudostclligera 
•Tclcibita vAcirjis 
Cyclotulla .itonus 
G 4*aphon<.Bi.» olivacuum 
Ct/cconais plpcentula 
Nit.’schi.n sp, 

‘\chn. nthos niinutissina 
rutaschx-i lineaixs 



T 


70 

T 


00 


90 

1 


2 Q0PLAtlKT0>< 

samples analyzed 24 
July L960 to July 1961 

Average count 


Samples 

with 

Animals 


EEn 

li m 



RELATIVE ABUtiDAtJCE 


FIRST 

SECaND 

THIRD 

FOURTH 


Others in first li species 

but not in first 2 oy.UW 

Cynalopleura sole a 

Gyroeigaa (cutsingll 

Havicula tripcnctata 

NiUnohla palea type innr>n 

Nitsschla ap. lU.UUU 

Surlrella errata 


RotiEetS, 

Keratella 

polyarthra 

Brachionus 

Synchaeta 

Other genera 

Crustaceans 1 

nauplil 

copepods 

cladocerans 


per liter 
per a amplo 

2.9 

0.2 

0.2 

0.1 

0 

2.4 

0 

0.1 

0 


Nematodes 

ocher Invertebrate metazoans 0 


i 3.oai,A^ 





! 1,000 


D1AI0'’'S - SPECIES DIVERSITY 

PIRST 4 MOST ABUNDANT 


r 


ALL OTtER SPECIES 


'JASONOIJFMAMJ JASON Dl J F M A M J J 
( 1959 ) ( 1960 ) ( 1961 ) 

TOTAL LIVE PHYTOPUNKTON COUNTS 

Months Average count/ml. 


June-Sept , 


2,612 


HOST ABUNDANT 
G t: n li R A 0 ¥ alga E 


Par cent ftuciutancy of counts 
150 [ji’r ml or more 
From Htiy 1959 to M.iy 1961 


Blwe-gti*an .ilg.io 

Aymunellum 6 

An.voystis 14 

Green alg.ii’ 

Aotin.ibtrum 3 

Ankibtrodosrms o 

chlorollfi-type 6 

Clnatotlun S 

CoolaHtruui 3 

Crucigi’ni.i 3 

Olctyoi.phnurium 3 
Oocystis 6 

Pediastiuni b 

Scone do sinus 23 

StAur.vb trum 3 

Green f 1 .itjol latos 

Clil,iniydi]mon.T.s 11 

Qthoi jiiomontud fl.Uellates 
CliJ-omulinu b 

Di.ntoiiis 
Cun trie 

Cycloti’ll.i 23 

Mulo‘iii<v 6 

Stnpli.uiodiacus 23 

Ponnutu 

Cymbnlln 3 

Dlntoinn 0 

OoiiiplKituinia 3 

Naviculiv 17 

Nit/schin 11 

Surlrull.n 3 

bynudr.i 3l 


POTOMAC RIVER 
WILLIAMSPORT, MO. 


ucrai-no.) Uily banples 
>011 July IpoO to July l‘)61 


ZOOPLAUKTON 


Aclinnnthes jninutissima 

Dlntama vulgaxe 

Cocconeis placontula 

Cymbella aC/ini-s 

Synodra ulna 

Fragil.iria capucina 

Stephanodiscus hantzschii 

Others In first It species 
but not in first 2 


Dl ATOMS-PERCE NT OCCURRENCE 
0 10 20 30 40 50 60 70 80 90 





MMWI I REUTlVr. ABUNDANCE 



— 


PIRST 

SECOND 

THIRD 

paiiuH 


100 

~1 


Samples analyzed 20 ‘ 
July 1960 to July 1961 


Samples 

with 

Animals 

Rotifers, 8 

Keratella 0 

Polyarthra 0 

Brachionus 0 

Synchaeta 0 

Other genera 4 


Average count 
per liter 
per sample 


1.4 

0 

0 

0 

0 

l.l 


Crustaceans 
naupltl 1- 

copepods 0 

cladocerans I 

Nematodes 

Other invertebrate metazoans 


O.L 

0 

O.l 

0 

0 


Cymbells ventrlcosn 
Oonphonema parvulum 
Novloula cryptocephala 
Ncvicula hungaricA 
Nevlcula sp. 
rlltzschia palea typo 
Synodra voucheriao 






DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 


most aeundant 

G E H E K A 0 F A L G A_E 


TOTAL LIVE PHYTOPLANKTON COUNTS 
Months Average count/ml. 



Peroont frequency of counts 
ISO per ml. or boxg 
F rom May IVSg to Kny 1061 


Blue-green algne 

Anacystis 3 

Green flagollates 

ChlamydomonaB 6 

Diatoms 

Centric 


Cyclotellft 

11 

StephanodlEjCU's 

6 

Penmate 

Achnanthoss 

3 

Cymbellu 

14 

Nnvioula 

V 

Synedrn 

CJ 


] ALL OTHER SPECIES 


2 NO ANALYSIS MADE 


75 



RED RIVER (WORTH) 

GRAND FORKS, NORTH DAKOTA 


S'.sleonthl/ Sanplea 

J.iu t; ,'ilj l..,l DIATOMS - PERCENT OCCURRENCE 

0 to EO 30 40 50 60 70 80 90 100 

1 I n 1 I T I I I I I 


‘SI- — if »C' il 


r. ZZ] 

■ If:.' la EHZZrm 

'.,1. ir:. rmmzzzi 

. f J .. 1 1 ^' t,.ie ) (Tgr’" 1 

j" '.a-'. I ,-a ~ "1 


KEUTIVE AB0:t0.WCt 
first 

SECOND 
T.Xj -miRD 
1 ! H FOURTH 


TOTAL LIVE PHYTOPLANKTON COUNTS 
Honchs Average count /ml. 


'Ll' 'Ir 5, i 7 ij- olc-ta 


aallK.tuliiJ' 


csa 

m 


others in first 1| species 
bat not in first 2 


June -Sept, 
Ott.-Jan, 
Feb . -May 


L,798 

13,221 

24,015 



2 0 O P L A U K r 0 t) 


Sample 3 anally ^eil 18 
Nov, 1960 to Aug, 1961 


Samp le s 
wLtb 
Anlma la 


Rotifers. 13 

Kevacella 9 

Polyarthra 8 

Ijrachlonufi 5 

Syncbaeta 9 

Other genera 9 

Crustaceans, 
onuplll 6 

tope pod 3 5 

cLadocerana 2 


Nematodes 

Other Invertebrate 


Average count 
per Liter 
pet Sample 

175.9 

63.0 

42.6 

47.7 

3.0 
19.6 

49.1 

6.0 

0 

2.0 

taioana C 


U U 8 T A li U N I) A N T 
G E N E It A Op ALGAE 


Percent frequency of counts 
150 per ml, or more 
From Sept. 1960 to July 1961 


Uluc-gieen nlgae 

Osctllatoria 5 

Raphidtopsts 5 

Green algnc 

Ankle trodoamug 11 

Dlctyoaphaerium 5 

Scenedesmus 29 

Green flagellates 

Chlamydomonas 31 

I’hacatuB A 

Trachelomonas 28 


Other pigmonted flagollatos 


ChromuLlna 6 

I’erltUnluro 4 

nlntoma 

Centric 

Cyclotella 11 

Helosirn 17 

Stephnnodiscus 94 


Pennatc 
Aster lone I la 
Cyiivitopleura 
Cyrahella 
Gomptionema 
Nltssciila 
Pleuro sigma 
Synedra 


5 

5 
7 

6 

17 

5 

36 


frj..! 


RED RIVER (SOUTH) 
ALEXANDRIA, LOUISIANA 


ieniraontnly Sani’lss « 

July i 960 to July 1V61 


Oyolotella reneeliinitt' ti 
lUflloiioie •iinlthil 
Ifclo'ilia w’ibiBUU 
ijyii&lia ulna 

StoplmiiodlnoiiG anti'ncn 
vai . miiiutula 

(’oBciiioaiacnij lothli 

Oyiiodra ncua 

IfeloDlra eianulata 


DIATOMS- PERCENT OCCURRENCE 
10 20 30 40 50 60 70 



I 


RELATIVE ABUNDANCE 
FIRST 


SECOND 

third 


2] FOURTH 


ZOCPLARKTON 


Samples analyied L7 
July L960 CO July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers; 13 

Keratella 3 

Polyarthra 3 

Brach tonus I 

Synchaeta 0 

Others 9 


A8.8 
43 .0 
L.5 
0 
0 

6,3 


Crustacea . 

Nauplli 0 

Copepotls I 

Cladocera 0 

Nematedes 


Ottiurs tn fir-it U gpocif's 
but not in first 2 


Other invertebrate metazoans 


Ainphipicin ip, 

Euiiotla up 
JHtsflchla acioularia 
Opoplioia sp. 

Slopliotiodisouo hant7sc>ill 
Stophanodlacin ^®60 


J I 

■ / y* 


w> ' 


* y 
^ * 

/ 


' ■» 




'se?"'- 

DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
[ 1 all OTHER SPECIES 

r NO ANALYSIS MADE 


TOTAL LIVE PHYrUPUHK'i'OH COUNTS 



M 0 ST abundant 
GEN ERA 0 F ALGAE 


Percent frequency of cciint 
150 per nil or rcre^ 
lYon liay 1959 to Uay I 961 

Piuo-'ereeii Bl{^ae 


Aifvanel lum 

16 

Anataena 

13 

Armcyetia 

19 

ArthioBpli’a 

3 

OcaiUatorla 

13 

Phonrid licT. 

6 

Dplrul in a 

3 

Green nlBoe 


AllKlDtlOdOEClliB. 16 

CIlLoiccoccuji 

3 

Orucleenia 

3 

Ooeyctio 

19 

DcercdeBmia 

10 

Dtauraatru-i 

3 

U'etreder.rus 

3 


Green flacellatea 
OilanydDna-naa 13 

TiaelieLononus 3 


Dial pan 
Ocnti’le 

Cooclnodlsans 3 
Oyolotella 35 

;V 2 l<iBli-a 13 

CtcjLanMllacua l 6 
I’eraiQte 

CuBOonais 6 

Dlplonals 16 

Eaviaula 6 

Hit 'Bchla 16 

Cynedi'a £9 


i 

’i 


\ 


RED RIVER(SOUTH) 
INDEX, TEXAS 


i.-uronthlv uaiplcs 

Irn July to July I'ldl 

DIATOMS- PERCENT OCCURRENCE 

0 10 20 30 40 50 60 70 

r“i 

i 1 r 1 1 

Diplorteis snitllil 





Cycloti-lirt njii”jnini'm 

8M— ’-Z 

. I LJ 

stepncin 'Jis..u=; aatrnea 
v..r , ninutula 




i I' 1 



StepliqiiiUliaLUa h.'.nt 'schli 

: } 

] 

bynedr.i uln.i 


RELU’IVE ABUNDANCE 

If intcschlil iCiphioxy-, 

rrTTTl 

KSWMilM FIRST 



Go"ipiioriE‘'r. oliv,ic>.un 

K'* . -1 .1 

Em 

[.V . ■''.’.I SECOND 

Frr.qil uria crotonensis 

f '1 THIRD 

'l.'ioairu qr.mulat ^ 

prrn 

1 1 FOURTH 

Anopceoneis e\ilis 

CD 



others in first I 4 species 
but not in first 2 


Z 0 0 P L A N K T Q K 


Samples analyzed 23 
July I960 CO July 1961 


Samples Average count 

with per liter 

Animals per sample 


Rotifers’ II 

Keratella S 

Polyarthra 5 

Brachlonus 6 

Synchaeta ^ 

Other genera 6 


8.0 

3.5 
0 

1.7 

1.6 

1.2 


Crustaceans 

nauplll 0 0 

copepods 1 “ 

cladocerans 0 ^ 

Nematodes ^ 

Other invertebrate metazoan 0 





DIAiaiS - SPECIES DIVERSITY 


fc'-i:vy'.h:5‘;a first 4 most abundant 

I I ALL OTHER SPECIES 

IZ..! .. :'l NO ANALI 1 SIS MADE 


Qlddulphia lag vis 
Cyclotella sp. 
Ileloslra anbif^a 
Railcula sp. 
Httzschia aclcularia 
flitzaohia dissipata 
Stephanodiacua sp. 
Surirella an'Tistata 


TOTAL LIVE p} I YTO PLANKTON COUNTS 


Months 

June-Sept. 
Oct . -Jan, 
Feb, -May 


Average count/ml , 

3,635 

4,395 

2,034 



MOST AH U N D A N T 
G E N L R A OF ALGAE 


I'oi cent frequency of oountt 
150 poi iitl. or noie 
lie’ I Ocpt. to 'iiy l[)Cl 

L'lnc. -(ireen ulcnc 
Ao'enellui'i 
Aiiabfiena ^ 

Anqcy.Alt 

ApUani.OJiienoii P 

noi’ipbonph'ieria D 

Onolllatorie .1 

rLapIiJillopcic a 


Oieon nlsee 

AoLltjnhtnui ‘j 

AiiHGtroflOhiimii 11 

Qiloroaoeonii J, 

Oloatorlwn a 

UoolQotriu’i B 

niiicit^eiiin 11 

Dictyoapliaorltuii 2 
lincorbeinilQ 
0o'*yf!tlD h'j 

ncenodenimio 37 

Totruduanun H 

Tetraatiimi 2 


Green flaiiollatoo 
ciUanydoinonno 31 

I'UFlena 5 

'ITncliolomoiia'j 11 

Other pljy'ontod flucellntoii 
(.liromullna 3 

Dlatont. 

I’eiitrio 

CycliA ella 34 

I'nloiilia 'j 

Rliizoaolenla 2 

SlophancdinoHb “M 


78 


RED RIVER(SOUTH) 
DENISON, TEXAS 


SenLnonthly aajntjLea 
fro 1 July lp6u to July 1901 

Dlploneis smlthii 
Cyclotolla meneghiniana 


DIATOMS - PERCENT OCCURRENCE 
0 10 20 30 40 50 60 70 80 90 lOO 



Stephanodiscus astraea 
var. minutula 



ZOOPLANKTON 

Samples analyzed 22 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers 12 6 

Keratolla 8 I 

Folyarthra I 0 

Brachlonus 3 0 

Synchacta 3 2 

Others 7 3 

Crustacea 

NauplLl 9 I 

Cope pod a 8 2 

Cladocera 11 2 


ether Invertebrate metazoans 0 



RIO GRANDE 
BROWNSVILLE, TEXAS 

^crv.oi.tiilj jmdI.s 
fr'- Jjl, to Jul^ 19ol 

tjiplonpis iTithii 

Steph.Ti''<U'5CU5 AitrAtja 
vr ninutula 


Cyclotella raneghiniAna 
Sutirell^ striatula 
Ariphiprora sp. 

Synedra acus 
Anphiproa paludosa 
Syncdra ulna 
Kitaachia palea type 
AncaQConeis esilis 
Hit7schia sp. 
flelosira anbigvia 




diatoms-percent occurrence 

10 20 3 0 4 0 50 60 70 80 


'relative abundance 

FIRST 

SECOND 

F',\""T""' 'T"!l THIRD 

1 fourth 


others in first li species 
hut not in first Z 
Amphora oval is 
Frag i lari a brovistriata 

CTTosigna spt 

hltzachia lanceolatae group 
Staphanodiscus hantaschil 
Surirella ovata 
Synedra pulchella ^ 


i ’ 

V" 

■ \. "■ 


_ 3,000 
E 


3 

g 1,000 




DTAICNiS - SPECIES DIVERSITY 
FIRST 4 MOST ABUNDANT 

I ALL OTHER SPECIES 


ZOOPLANKTON 

Samples analyzed 18 
July 1960 to July 1961 


TOTAL LIVE PHYTOPLANKTON COUNTS 

Months Average count/ml . 

June-Sept, 4,603 

Oct. -Jan, 5,796 

Feb, -May 3,093 


M 0 S T ABUNDANT 
GENERA 0 F ALGAE 

Percent frequency of counts 
150 per ml , or more 
From Sept. 19SU to May 1961 

Blvje-green algae 

Agtnenellum 28 


Samples 

with 

Average count 
per liter 

Anacystis 

2 1 

Aoicals 

per sample 

Green algae 


Rotifers 11 

137.2 

Ankistrodesmus 

32 

Keratella 7 

4.5 

Chlorococcum 

4 

Polyarthra 5 

0,9 

Cosmnriutn 

4 

Brachlonus 3 

1.3 

Crucigenia 

4 

Synchaeta 5 

IL.l 

Nannochloris 

4 

Other genera 7 

119.4 

Oocystis 

20 

Crustaceans: 


Sccnedesmus 

52 

naupllL 2 

0.3 

Sphaerocystis 

4 

copepods 5 

cladocerans 0 

0.4 

0 

Tetradesmus 

6 

Nematodes 

1 

Green flagellates 


Other invertebrate metazoans 0 

Ch 1 amydomon as 
Trachelomonas 

12 

8 



Diatoms 

Centric 

Cyclotelln 

Stuphanodlscus 

Ponnate 

Amphipleura 

AJnphlprora 

Amphora 

Anomoeneis 

Cocconeis 

Diploneis 

Fragilarla 

Navicula 

Nitzschia 

Pleurosigma 

Surirell,! 

Synedra 


JASON asondIjfmamjj 

(1959) (I960) (1961) 


NO ANALYSIS MADE 


RIO GRANDE, 
LAREDO, TEXAS 


ScaniwontAlV Sanplaa 
froiii July i960 to July 196! 


ZOOPLAHK T (j II 


Cyclotolla metieghiniana 

Stephanodlscus astraoa 
vat. aimitula 

Pragilari.i croton.’nsia 


DIATOMS-PERCENT OCCURRENCE 

0- Ip 20 30 40 50 KO 

I T I \ \ 




Uantijachia amphioxys 
Steplianodiscus h,ant?scliii 
Nit.-achia denticula 
Syacdra ulna 
Nltzsclua sp. 




1 I relaiive abundance 

FIRST 


mmmm 


SECOND 
THIRD 

I I fourth 



SamplCB analyzed 18 
July I960 to July L96L 


Samples 

with 

Animals 


Rotifers' I 

KerateLLa 1 

Polya rthra 0 

Brachionus 0 

Synchaeta 0 

Other genera 0 


Average count 
per Liter 
per sample 

O.L 

O.L 

0 

0 

0 

0 


Crustaceans : 

nauplii 0 0 

copepods 0 0 

cladocerans 0 0 

nematodes 5 


Other invertebrate metazoans 0 


Pleuroaigma delicatulum 

Nitzschla trvblionella 
others in first t| apooies 
but no t in first 2 

Navioula cuspldata 
Navloula ap, 

Nltsachla lanocolntoB group 
Hltzsohla hungarlca 
Nitzsohia sigma 
Stoplionodlsoua nlogorae 
M 



DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 
^ I ACL OTHER SPECIES 



MOST abundant 
G S N E R A OF ALGAE 


Percent frequency of counts 
150 per ml, or more 
_From May 1959 to May 1961 


Blue-green algae 

Agmenellum 3 

Anacyatis 3 

OsclLlatoria 3 

Green algae 

Anklstrodesmua Li 

chLorelLa-type 3 

Ciosterlum 6 

DLctyosphaerLum 3 

Cloeocystls 3 

Oocystls 3 

Scenedesinus L7 

Green flagelLates 

C hLamydomona e 6 

Other pigmented flagellatee 
Dlnobryon 3 

Diatoms 
Centric 

Cyclotolla 36 

Stephanodiscua 33 

Pennate 

Cocconeia 6 

Cymbella 3 

Fragilarla 17 

NavLcula 22 

Nitzschla 22 

PLeuoeslgma 3 

Synedta 39 


RIO GRANDE 
EL PASO, TEXAS 


DIATOMS - PERCENT OCCURRENCE 
10 20 30 40 50 60 70 80 


S€snl,T,o[itnly Saiplea 
fron July 1960 to July 19 ol 0 

CaloTieis amphisbaena 

Biddulphi.i laevis 

Amphiprora paludosa 

Nnvicula canalis 

Goraphonema olivaceum . -j 

RELATIVE ABUKDAKCE 



Others In first Ij apooles 
hut not in first 2 

Ariphlprora alata 
Dlatcma vulgara 
HaTlcula hungarica 
Havicula so. 

Nltzachla lanceolatae group 
Nltzschia sigma 
Nltsschia sp. 
Stephonodlscus hanizsclili 
Synsdra ulna 


FIRST 
X-'?! SECOND 


IZ 





T 


30,0001— 


10,000 


E 3,000 


^ 1,000^ 


300 


ZOOPLANKTON 

Samples analyzed 10 
July I960 to July 1961 



Samples 

Average 


with 

per 1 


Animals 

per sam{ 

Rotifers: 

2 

2.1 

Keratella 

1 

0.7 

Polyarthra 

0 

0 

Brachionua 

0 

0 

Synchaeta 

0 

0 

Ocher genera 2 

1.4 

Crustaceans . 

nauplii 

0 

0 

copepods 

1 

0,2 

cladocerans 

1 

0.2 

Nematodes 


2.0 


Other Invertebrate metazoans 


DIATOMS - SPECIES DIVERSITY 
LaM': FIRST 4 MOST ABUNDANT 

I I all OTHER SPECIES 



HOST ABUNDANT 
GENERA 0 F ALGAE 

Percent frequency of counts 
150 per ml. or more 

From May 1959 to May 1961 

Blue-green algae 

Anacystis 13 

Green algae 

chlorella-type 7 

Chlorococcum 7 

Lagerhaimia 7 

Scencdcsmus 13 

Green flagellates 

Clilamyclononns 20 

Euglon.a 26 

Trachclomonas 7 

Diatoms 

Centric 


J A S 0 N D 
(1959) 


JTMAMJ J ASONDIjFMAMJJ 
(I960) (1961) 


7J no ANALYSIS MADE 


Biddulphia 

13 

Cyclotclla 

66 

Melosira 

13 

Stoph anodi scus 

33 

Penn ate 

Amphiprora 

26 

Asterionolla 

7 

Caloneis 

33 

Cocconeis 

13 

Gorophonema 

7 

Navicula 

33 

Nitzschia 

47 




NO ANALYSIS MADi; 


90 


ZOOPLANKTON 

Samples analyzed 16 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers . 

16 

16,0 

Keratella 

15 

7.3 

Polyarthra 

5 

0.8 

Brachlonus 

6 

l.l 

Synchaeta 

6 

0,6 

Other genera 

15 

10,8 

Crustaceans: 

nauplll 

3 

0,7 

copepods 

A 

0.3 

cladocerans 

3 

0.3 


Nematodes 1, 

Other Invertebrate metazoans 0 


TOTAL LIVL PHYTOPLANKTON COUNTS 

tlonths Average count/ml . 

June-Sept , ABl 

Oct, -Jan, 88 

Peb, -May 860 


MOST A B U NDANT 


genera of algae 



percent frequency of counts 


150 per ml . or more 
From Aprtl lOeO to August 1901 

Green algae 

Ankiatrodesnus 10 

Diatoms 

Centric 


Meloslr a 

21 

Stephnnodlscus 

31 

Pernate 

Asterionella 

10 

Fragil.tria 

5 

iaballari a 

15 


SON d 1 j F M A M J J A S 0 N dI J F M A M J J 
1959) (I960) (1961) 



SAVANNAH RIVER 

PORT WENTWORTH, GEORGIA 


Se"iirr,nthly Sar.plcn 
frcn July 1560 to July 1561 


Melo.oira diotans 
var. alplEpr.* 


Cynatoalra belgica 

Coscirodia 0U3 denariiU) 
tbracVich) 

I.'avlcula contenta 


diatoms-percent occurrence 

0 10 20 30 40 50 60 70 80 90 



ZOOPLANKTON 

Samples analyzed 22 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Cos-clnodlscua sp* 

Kitrschia paivula 

Holosira arblpia 

Eujiotla pectinalls 

Cyolotella otrlata 
(bTacklEh) 

Nltzschla ftliforciis 
Synedra ulna 

Stephanodlscos hantz'-ehid 


!□ 

U 


mm 

m 

m 



d 


RELATIVE ABUNDANCE 
FIRST 
SECOND 
THIRD 
FOURTH 


DIATCMS - SPECIES DIVERSITY 

first 4 MOST ABUNDANT 
r ~ ] ALL OTHER SPECIES 


Rotifers 
Iterate 11a 
Polyarthra 
Bra chlonus 
Synchaeta 
Other genera 

Crustaceans ' 
nauplii 
cope pod 5 
cladocerans 

Nematodes 


1.0 

0 

0 

0 

0 

0 

0 

0.2 

0.1 

1.0 


tl 0 S T A » U N n A N T 



NO ANALYSIS MADE 



SAVANNAH RIVER 

NORTH AUGUSTA, SOUTH CAROLINA 


Scmimonttily^ Samples 
fivMi July 2?60 fco July I961 q 

r 

Melosira distans m 

var. alpigena ^ 

Melosira ornljigua ^ 

Navicula sp. ^ 


Synedra ulna 
Dunotia pectlnalls 
Achnanthes mlnutlssiita 
Stcphanodiscus hantzach.li 

Othoru in first U apacles 
hut not in first 2 

Cocconoia plocontula 
Cosclnodlicus Bp» 

Cymatoaira boli(>ica 
Cyclotolla rnsnlghinlana 
Cyolotella stolligora 
Uoloslra granulata 
lioloBira variaiis 
Uoloslra 8p« 

Kavicula not ha 
Ifavlcula sp. 

Synodra vauclioPlao 
Tabollaria feneatrata -I 


DIATOMS- PERCENT OCCURRENCE 
) 20 30 40 50 60 70 f 


RCLATIVi: ABUnnANCi: 


30,000 I 


E 3,000 


Z00PLANK.T0H 

Samples analyzed 15 
July i960 to July 1961 


Samples 

with 

Animals 


Average count 
per liter 
per sample 


Rotifers. 
KeratelLa 
Polyarthra 
Brachl onus 
Synchacte 

Crustaceans: 
nauplLl 
cope pods 
cladocerans 


Other Invertebrate metazoans 


TOTAL Live PHVTOPlANKTQtl COUMTS 
tlonths Average count/ml. 

June-Sept, A22 

Oct, -Jan. 1S6 ♦ 

Feb , -May AO8 i 


ri 0 S T ABU11D,VMT 
G E H E R A U F ALGAE 

Percent frequency of counts 
150 per ml . or more 
From May 1039 to flay 1961 

Blue -green algae 

Anacystrs 4 


Diatoms 

Centric 

Cyclotella 

Pennate 

Synedra 




DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 


ALL OTHER SPECIES 


•i ASONDljFMAMJ JAS 
(1959) (I960) 


Ij F M A M J J 
(1961) 


NO ANALYSIS MADE 



SCHUYLKILL RIVER 
PHILADELPHIA, PENN YSYLVANIA 


SoDsifflcsithlx Sasples 
frcm July I960 to July 1961 

Nitzschia palea type 
Melos ira varlans 
Cyclotella meneghiniana 
Synedra ulna 
Synedra vaucheriae 
Stephanodiscus hantzschii 
Nltzschia sp. 

Dlatoma vulgare 
Fragllarla crotonensis 


diatoms - PERCENT OCCURRENCE 
0 10 20 30 40 50 60 70 BO 90 


0Ui«r* in firat Ij ajMoles 
bu t not In flpat g 
Coocoueia placutula 
HaTloola oryptoeaphala 
BaTioula cenalia 
Sarirelia anguatata 
Syoadjra Tsucherlae 
Synodra ap. 


RELATIVE ABUNDANCE 


Melosira anblgua 


FOURTH 



ALL OXHSR SreClBS 


ZOOPLANKTON 


Samples analyzed 13 
July 1960 to July 1961 


Samples 

Average count 

with 

per Liter 

Animals 

per sample 

Rotifers! 9 

13.0 

Keratella 2 

0.5 

Polyarthra 0 

0 

Brachionus 1 

0.2 

Synchaeta 1 

0.1 

Other genera 6 

12.2 

Crustaceans: 


nauplli 2 

2.0 

copepods 2 

1.0 

cladocerans 4 

2.1 

Nematodes 

8.0 


Other Invertebrate metazoans 0 







SNAKE RIVER 
WEISER. IDAHO 


Se^att'ynt■lly Samples 
rrri July 1960 1 3 July 1961 

Synedtci uln/t 


DIATOMS- PERCENT OCCURRENCE 
0 10 20 30 AO 50 60 70 80 ^0 



ZOOPLANKTON 


Steplianodiscus hant^schii 
Di titoma vulgare 
Fragalaraa crotonensis 
Navicula t ripunctata 
?Iel<jsira granulata 

Stejphancjdascus nlagarae 

S tephanodiscus astraea 
vax . ninutula 


OIJiQra In first 1| species 
but not In first 2 


m \: ..L- ..u 


RLLAflVE A3U!.DAi;CE 


rzLzi 




FIB3T 

( y. " .■ SECOND 
I" TOIRD 

I ^ TOimTO 


Samples analyzed 13 
July i960 to July 1961 



Samples 

Average count 


with 

per liter 


Animals 

per sample 

Rotifers. 

12 

18,8 

Keratella 

9 

10,9 

Polyarthra 

5 

1.8 

Brachionus 

8 

1.0 

Synchaeta 

4 

1.8 

Other genera 10 

16,6 

Crustaceans 

naupLll 

2 

0.5 

copepods 

2 

0 

cladocerans 

2 

0 

Nematodes 


1 


Aaborionella foinosB 
Hsloslra anblgua 
NaVicula Tirldula 
Nltaschia dissipate 



DIATOMS - SPECIES DIVERSITY 

FIRST 4 MOST ABUNDANT 


Other Invertebrate metazoans 0 



ALL other species 


MOST ABUNDANT 
GENERA 0 I- ALGAE 

Percent frequency of counts 
150 per ml or more 
From May 1959 to May 1961 


Blue-green algae 

Anacystis 

4 

Osci llatorla 

4 

Green algae 

Micr actinium 

4 

Sccnedesmus 

7 

Green flagellates 

Ch 1 tunydoraon.vs 

22 

Euglena 

4 

Other pigmented flagellatui 

Chroinulina 

7 

Diatoms 

Centric 

Diddulphia 

4 

Cyclotella 

5 J 

Melosira 

30 

Stephanodiscus 

63 

Pennate 

Achn an tiles 

11 

Asterlonella 

7 

Cucconels 

14 

Cymatopleura 

4 

Cymbella 

7 

Diatoma 

30 

Fragilarin 

37 

Gomphoncma 

4 

Navicula 

63 

Nitzschla 

44 

Synedra 

B5 

Tabe 1 1 arl a 

4 


"'"1 NO ANALYSIS ^^A0B 



TENNESSEE RIVER 
CHATTANOOGA, TENNESSEE 

^>arallnonthly Snmploo 
fi'aa July 19W to July I96I 


I 'ol oil 1 1 a ruul' 

Uunlt i.clil 1 

IVjloiilrJi (lliiLtuui 
v(H'. ftlplf'oiia 

ijynudin uliiii 
ItolOfilm vavlami 
Itiloiilva Bi’umilutii 
Aiiomoooiio L(i o \1XJ ii 
Kit! iiclill sip. 


Otliuro In flnt || opoclon 
but nob In flrot 2 

Aohnanbl)o4 mlnutia'ilraa 
Anliirlonol la fomonn 
Cocaonola plncontula 
Cyolotolln pnourioitulllforn 
rru(Fllarlu crotononslo 
Nltiacbla holsritlca 
Slophanodlscuo tilaftfirno 
Uoloaira np. 


• PERCENT OCCURRENCE 
40 50 60 70 80 



ZOOPLAHKTON 


July 


Samples analyzed 22 
1960 to July 1961 



Other genera ll 

Crustaceans, 
nauplii 3 

copepods 2 

cladocerans 2 

Mematodes 

Other Invertebrate metazoans 


Average count 
per Liter 
per sample 

22.5 

10.6 

5.0 
0 

0.6 

3.0 

0 

0 

0 



DIATtMS - SPIlCIliS DTVimSIlT 

FIRST 4 MOST ABUNDANT 
I I ALU OTJniR SPLCIBS 

NO ANALYSIS MADI? 


HOST ABUNDANT 
GENERA OF ALGAE 



lercent fiequepoy of counts 
150 per ml* or core 
Fi'cn lUy 1959 to Fay 1961 

Green algae 

ScenedeEuiua 2 

Diatoas 

fJentrIc 

pyolotella 2 

tteloElra 25 

Stephanodiccus IB 


Peniiate 

Asterionello 

PraglLaria 

Synedra 


YELLOWSTONE RIVER 
SIDNEY, MONTANA 


‘'ru- Julj I'JiO to I'ifjl 


Synedra ulna 


DIATOMS- PERCENT OCCURRENCE 
0 10 20 30 AO 50 60 70 80 90 



Diatoma vulgare 
Navaoula ciyptocijphala 
Navicula sp. 

Naviculfi virLdula 
Cyclotella mcneghiniana 


Z ZZJ 

mmzzjzzz 

m^mzzzz] 

.'I 1 


] RSL-XTIVE ABUl.'DANCE 
FIRST 


[ 7 ^"; ' ";" "; ' third 
[ FOURTH 


Cyclotella atomus 
Surirella ovata 
rjavicula cuspidata 



Others in first it specips 
but not in fi rst 2 

Cyirato pie lira aolea 
Fragilaria crotonensis 
ConphoneTa olivaceuin 


ZOOPLANKTON 


Samples analyzed 22 
July 1960 to July 1961 

Samples Average count 

with per liter 

Animals per sample 


Rotifers: 

5 

0.8 

Keratelia 

2 

0.2 

Polyarthra 

1 

0 

Brachlonus 

0 

0 

Synchaeta 

L 

0,1 

Other genera 

3 

0.5 

Crusraceans 

naupLii 

2 

0.2 

copepods 

0 

0 

cladocerans 

0 

0 


Nematodes 2. 

Other invertebrate metazoans 0 


most ABUNDANT 

genera op algae 


Percent frequency uf counts 
150 per ml. or more 
From May 1959 to Nny 1961 

Blue -green algae 

Anacyatis ti 

Gomphosphaeria 3 



Green algae 

Ac t in as tr urn 

5 

Ankistrodosmus 

11 

Gloeocystis 

3 

Oocystis 

5 

Sccncdesmus 

10 

Tetr.idesmus 

i 

Green flagellates 

Chlaraydomonaa 

H 

Tr ache 1 ortion a s 

5 

Diatoms 

Centric 

Cyclotella 

36 

S tephanodiscus 

10 

Pennate 

Caloneis 

3 

Cocconels 

3 

Cymbella 

11 

Dlatoma 

13 

Epithemia 

3 

Frag i lari a 

16 

Gomphoneraa 

8 

Navicula 

53 

Nit/schia 

34 

Surirella 

11 

Synedra 

55 


r ' V' " ! NO ANALYSIS MADE 


